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1. INTRODUCTION

1.1 OVERVIEW OF METEOROLOGICAL MONITORING PROGRAM

This Standard Operating Procedure (SOP) providéstaled description of quality control (QC)
and quality assurance (QA) activities applicablethe installation, calibration, operation, and
reporting of meteorological monitoring parameters.

It should be noted that this SOP is a companiouhent to the Labadie Sulfur Reduction Project
Quality Assurance Project Plan (QAPP) which prosid® overall description of the monitoring
program, including the purpose, rationale and dhbjes of the project, as well as project
organization, responsibilities, measurement qualityjectives (MQOs), associated QA/QC
elements, and data reporting requirements.

The proper use of this document and its referenceduding the manufacturers’ instrument
manuals, will help ensure that the MQOs establidbedhe Labadie Sulfur Reduction Project are
met. This in turn will ensure that relevant QA/Q€guirements established for meteorological
monitoring programs by the Missouri Department atiNal Resources (MDNR) and the U.S. EPA
are satisfied; that the data collected are vatidueate, precise, and are representative of treeare
interest.

For the Labadie Sulfur Reduction Project, metewiclal parameters will be continuously
monitored. The parameters to be measured at tintoriag site are presented in Table 1-1. Tables
1-2 and 1-3 list equipment for the meteorologicahitoring system. All meteorological parameters
will be measured using Climatronics Corp. instrutagan. Data will be collected on a Campbell
Scientific, Inc. CR1000 data acquisition systemne (tdata logger”, or “DAS”) on a continuous
basis.

A summary of program measurement quality object(l®0Os) is presented in Table 1-4.

The proper use of this document and its referenoekjding the instrument manufacturers’ user
and engineering manuals, will help ensure thatbaitoring data collected are valid, accurate, and
precise, and are representative of the meteorabgianditions in the area. The quality control
(QC) and quality assurance (QA) program elementrideed herein are designed to maintain
program data quality objectives with a data recpvate of at least 90% per calendar quarter for
each reported for meteorological measurement paeam&he monitoring program quality control
and quality assurance elements and activitiesydiot) associated acceptability limits specified for
system performance checks and preventive maintengractices, are described in more detail in
the following sections.
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Table 1-1: Meteorological Parameters Monitored for

the Labadie Sulfur Reduction Project

Meteorological Parameters M EIES Probe Level MEEEI IS
gice Frequency, Range Reporting Instrument / Method
Monitored : (meters) X
and Units Resolution
Northwest Site
none
Valley Site
Horizontal Continuous
Wind Speed 0 to 125.0 mph 10 0.1mph Cup Anemometer
Horizontal Continuous 0
Wind Direction 0 to 360° 10 1 Vane
Sigma Theta (Standard Continuous 0
Deviation of Wind Direction) 0 to 104° 10 1 Calculated
. . Continuous
Vertical Wind Speed 25 mph 10 0.1mph Propeller Anemometer
Sigma W Continuous
(Standard Deviation of Vertical 0 to0 25 moh 10 0.1mph Calculated
Component of WS) P
. . Continuous 0 :
Ambient Air Temperature 220 t0 +122°F 2 0.1°F Aspirated RTD
. Continuous 0 .
Air Temperature 229 10 +122°F 10 0.1°F Aspirated RTD
Temperature Difference Contlrl;uous 10-2 0.1°F Calculated
, - Continuous o Aspirated Thin film
Relative Humidity 0 to 100% 2 1% polymer capacitor
o Continuous 2 Thermopile-Type
Solar Radiation 0-1,495 W/m? 1 1W/m Detector
. Continuous .
Barometric Pressure 900 to 1100 mbar 1.5 1mb Capacitive Transducer
L Continuous . I
Precipitation 0 to unlimited inches 1.5 0.01 inches Tipping bucket
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Table 1-1: Meteorological Parameters Monitored for the Labadie Sulfur Reduction Project

Meteorological Parameters ARSI Probe Level RS
gice Frequency, Range Reporting Instrument / Method
Monitored : (meters) X
and Units Resolution
Tall Tower Site
Horizontal Continuous
Wind Speed 0 t0 125.0 mph 65, 30 0.1mph Cup Anemometer
Horizontal Continuous 0
Wind Direction 0 to 360° 65, 30 1 Vane
Sigma Theta (Standard Continuous 0
Deviation of Wind Direction) 0 to 100° 65, 30 1 Calculated
. . Continuous
Vertical Wind Speed 25 mph 65, 30 0.1mph Propeller Anemometer
Sigma W Continuous
(Standard Deviation of Vertical 65, 30 0.1mph Calculated
0 to 25 mph
Component of WS)
. . Continuous 0 .
Ambient Air Temperature 929 10 +122°F 65, 30 0.1°F Aspirated RTD
. Continuous 0 .
Air Temperature 229t +122°F 65 0.1F Aspirated RTD
Temperature Difference Contlr;uous 65-30 0.1°F Calculated
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TABLE 1-2: MONITORING INSTRUMENTS AND PERFORMANCE S PECIFICATIONS

Parameter/Equipment

Performance Specification

Wind Speed / Climatronics Model 100075 (F-460)
3-cup Anemometer

RANGE: 0.0 - 56 m/s

THRESHOLD: 0.22 M/S

DISTANCE CONSTANT: <1.5m (4.9 ft.)
ACCURACY: £0.07 m/s or + 1.0% of
true air speed (whichever is greater)
RESOLUTION: 0.1 m/s

Wind Direction / Climatronics Model 100076 (F-
460) Wind Vane

RANGE: 0° - 360°

THRESHOLD: 0.22 M/S

DISTANCE CONSTANT: <1.0m (3.0 ft.)
ACCURACY: +2°

DAMPING RATIO: >0.4 at 10° initial angle of attack
RESOLUTION: 1°

Vertical Wind Speed / Climatronics Model 102236

Vertical Component Propeller Anemometer

RANGE: + 20 m/s (£ 40 mph)
THRESHOLD: 0.3 mph (0.14 m/s)
DISTANCE CONSTANT: <1.0m (3.2 ft.)
ACCURACY: = 1.0% over range

RESOLUTION: 0.1 m/s (0.22 mph)

Air Temperature / Climatronics Model 100093
Temperature Probe housed in Climatronics Model
100325 motor-aspirated radiation shield

Dual-Element (linearized) solid-state thermistor
(matched with Temperature Difference probe
below).

RANGE: -30 to 50°C

ACCURACY: #0.27°F (x0.15°C) over full range
TIME CONSTANT: 3.6s

LINEARITY: £0.16°C

ASPIRATION RATE: 10 ft/sec (3 m/s) at sensor
location

SHIELD EFFECTIVENESS: Under radiation
intensities of 1,100 W/mz (1.6 cal/cm2/min)
measurement errors due to radiation will not exceed
0.1°C

Temperature Difference / Climatronics Model
100093 Dual-Element Temperature Probe housed
in Climatronics Model 100325 motor-aspirated
radiation shield

Dual-Element (linearized) solid-state thermistor
(matched with Air Temperature probe above).

RANGE: -5.0°C to +10.0°C

MAX ERROR PER DEGREE OF TEMPERATURE
DIFFERENTIAL: +0.1°C

TIME CONSTANT: < 10 seconds in still air
LINEARITY: £ 0.1°C

ASPIRATION RATE: 500 CFM

SHIELD EFFECTIVENESS: Under radiation
intensities of 1,100 W/m2(1.6 cal/cm2/min)
measurement errors due to radiation will not exceed
0.1°C
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TABLE 1-2: MONITORING INSTRUMENTS AND PERFORMANCE S PECIFICATIONS

Parameter/Equipment Performance Specification

Relative Humidity / _Climatronics Model 102798
Thin-Film Capacitive Probe with Temperature

Compensation housed in Climatronics Model RANGE: 0 to 100%
100325 motor-aspirated radiation shield ACCURACY: +2%
TIME CONSTANT: < 10 sec. with 2 m/s aspiration
Temperature compensation maintains accuracy REPEATABILITY: £ 0.3%
even at 100% RH (saturation) conditions. OPERATING TEMPERATURE RANGE -50° to +50°C

Long Term Stability (+/-1% over 12 months)

RANGE: 600mb to 1,100mb (17.70 to 32.50’'Hg)
ACCURACY: < £0.5mb over any 200mb range with
offset correction

RESOLUTION: 0.1 mb

TIME CONSTANT: <10ms to reach 90% final output
OPERATING TEMPERATURE RANGE -40° to +55°C

Barometric Pressure / Climatronics Model
102663 Barometric Pressure Sensor

Long Term Stability: calibration drift < +1.0mb over
12 months.

Precipitation / Climatronics Model 100097
Precipitation Gauge

RANGE: 0 to unlimited

MAX ERROR 1% for rain rates of 1 to 3 in/hr; +3%
for rain rates of 0 to 6 in/hr

RESOLUTION: 0.01 inches

8” funnel diameter maintains accuracy under heavy
precipitation conditions.

Windshield maintains accuracy under windy
conditions.

RANGE: 0 to 1,495 W/m® (0 to 2 Ly)

SENSITIVITY: 11 pvolts per W/m® (approx.)
RESPONSE TIME: 5 seconds (1/e signal)
ACCURACY: 3%

LINEARITY: 1% Across The Range
RESOLUTION: 1 W/m?

DOME TRANSPARENCY RANGE: 0.28 to 2.8 um
COSINE RESPONSE: +2% from 0-70° zenith angle
and 5% from 70-80° zenith angle.
TEMPERATURE DEPENDENCY: +1.5% constancy
from -20° C to +40°

Solar Radiation / Eppley Model 8-48 (Black &
White) Pyranometer

Thermopile-Type Detector with Schott WG295
glass dome.
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TABLE 1-4: MEASUREMENT QUALITY OBJECTIVES
Minimum Minimum Data
Monitoring Samolin Accuracy Minimum Data Minimum Data
Parameter pling (Data Validation Precision Completeness *
Frequency o 1
Limits)
+5°
Wind Direction 1/sec (azimuth & Not Applicable
elevation)
Horizontal Wind .
Speed 1/sec +0.2 m/s Not Applicable
Vertical Wind .
Speed 1/sec +0.2 m/s Not Applicable
Air Temperature 1/sec +0.5°C Not Applicable >90% Per Quarter,
with four consecutive
acceptable one-year
. o ] data base.
Relative Humidity 1/sec 7% Not Applicable
Barometric 1/sec +3mb Not Applicable
Pressure
Precipitation 1/sec +10% Not Applicable
Solar Radiation 1/sec +5% Not Applicable

NOTES TO TABLE 1-4:

1. Validation Limit is the point at which affected data are invalidated if error is confirmed by a
performance audit or calibration check. If limit is exceeded, affected data may be evaluated for
possible correction of bias using linear regression analysis techniques of “as found” multi-point audit
or “as found” calibration data. If, however, the “Begin” time of the excessive bias condition cannot be
clearly and unambiguously identified in the data record, or if analysis of the “as found” test data
indicate the bias is non-linear, the affected data must be invalidated back to most recent, previous
acceptable Performance Audit or calibration check.

2. Completeness requirements for data averaging and data reporting periods are as follows:

Period Minimum
1-hour (data-averaging only) 245 minutes of valid measurements obtained during a given
hour
1-quarter =90% of total possible hourly values obtainable during that

quarterly data reporting interval

Labadie Sulfur Reduction Project QAPP
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2. MONITORING SYSTEM DESIGN AND INSTALLATION

This section addresses the criteria to be metHerinstallation of the meteorological equipment.
Subsection 2.1 discusses the system design. SidmseZf describes instrument siting and
installation methodologies. Finally, Subsectiod @scusses instrument installation details.

2.1 SYSTEM DESIGN CRITERIA

The system equipment is designed to collect thatgse quantity of data possible with a high
degree of precision and accuracy. The monitorysgesn is designed and installed in such a way
as:

(2) To obtain a minimum 90% valid data collectiefficiency for each parameter per
calendar quarter;

(2) To conform to the guidance specified by the .LEBA in the_Quality Assurance
Handbook for Air Pollution Measurement Systems: Woé |1V, Meteorological
Measurement Systems, EPA-454/B-08-002, March 2008;

3) To meet the meteorological data quality ci@teas specified in the Meteorological
Monitoring Guidance for Reqgulatory Modeling Applicms (EPA-454/R-99-005,
revised February 2000 and all subsequent revisions)

(4) To ensure continued, reliable operation ofheparameter system with respect to
established performance criteria through a readenabogram of preventive
maintenance and quality control activities.

All meteorological sensor signals will be integchteith a Campbell Scientific Model CR1000 data
logger to provide necessary operating and refergottages for each sensor and also acquire the
analog measurement signals produced by each moAiiosignal connections between the data
logger and sensors on the tower will incorporatmmercial-grade surge protection circuitry to
protect the data logger and downstream electrdrocs electrical surge damage.

The CR1000 data logger scans, digitizes and integre@ach input measurement value at a rate of
once per second. A 12-bit analog-to-digital (A/@neerter converts each analog input signal to a
digital value. Digitized values are scaled to eegiing units and/or processed using pre-defined
algorithms in accordance with the data logger moginstructions. The scaled and calculated
values are stored for subsequent compilation ofriuste, 5-minute, and hourly block averages. The
data logger uses EPA-approved algorithms to cakewlactor-averaged values for horizontal wind
speed and wind direction as well as sigma thetasigiha w values. All calculated values are
derived from instantaneous, sequential measuremelies collected over the course of the
averaging interval. The data logger also calculdéitesA-T between the upper and lower level
temperature sensors, compiling and storing theagesftA-T values. The data logger similarly
computes and store the total rainfall for each heml for each 24-hour (midnight-to-midnight)
interval. Total maximum data logger measuremerdrésra negligible +0.2% of full scale range
(FSR).

Labadie Sulfur Reduction Project QAPP
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The CR1000 data logger stores programming instrastin non-volatile memory. Measurement
data are stored in battery-protected SRAM and ialsemovable flash memory, thereby preventing
data loss in the event of a power outage. The ldgger will be equipped with sufficient flash
memory to store approximately one year of data.

The 1-minute, 5-minute, and hourly block-averagedadstored by the data logger will be
automatically uploaded on a daily basis from theadagger to a personal computer located in
Enviroplan Consulting’s Central Data Management &@gpent in Wayne NJ by means of an on-
site cellular telephone modem and automated daliagpsoftware.

The data logger will be configured so that any twie, 5-minute, or hourly averaging interval that
is missing the full number of possible scanned desgor that averaging interval will be
automatically appended with an appropriate statag. fA minimum of 75% of all possible
instantaneous values in a given averaging intevaleeded to formulate a valid averaged data
value. The data logger automatically excludes angsimg or invalid data samples from final
averaged values. Averages that contain less th&n gbtotal possible valid samples will be
appended with other flags indicating an invalidrage, depending on the cause of the missing or
invalid samples (e.g., a power outage, instrumaihtenance or calibration).

The Model CR1000 data logger will be mounted néwr base of the tower in a NEMA-4X
enclosure or in the monitoring shelter and incltrgefollowing features:

» User-entered configuration parameters will be stamenon-volatile memory.

* In the event of a power outage at a site, the eatdrackup battery will maintain the system
clock, normal monitoring system operation and maISRAM memory for a minimum of
30 days.

* Alog of user-defined events will be maintained andilable for download and review. The
“Begin” and “End” times and date(s) will be idergd in this log for each such event.

» Adigital status input will be assigned to initidd data channels to “flag” invalid or suspect
data. When the status input is activated, the imegracanned data values will be excluded
from the corresponding data averaging intervalge 8perating personnel will manually
activate the status input to “flag” any data praetlidoy a monitor undergoing manual
calibration checks, maintenance or if the instrunimalfunctioning.

» User-configurable alarm firmware will append spiecstatus flags to out-of-range data
values, or data values for which the user-defireptable rate-of-change is exceeded.

* Full Ethernet communications capability will be popted for interrogating the DAS and
downloading data either via a local terminal ompet, or remotely via the on-site modem
and cellular telephone/internet service. All datgder functions will be accessible through
local or remote communications. Communications wiité data logger and configuration
changes are restricted through built-in, multi-leyessword-protection.

Labadie Sulfur Reduction Project QAPP
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» Data summary reports will be produced in an easy#én format that identifies the station
name, date, time-averaging intervals and associdtednute, 5-minute, and hourly-
averaged values in engineering units for eachalligd data channel. The parameter name
and measurement units are identified for eachalirgd data channel. Defined status flag
symbols will be appended as appropriate to dataegaby the data reviewer to identify
specific status condition(s).

The on-site data logger will provide a comprehemslata file for accurate and efficient reduction,
processing and validation review. All data will teferenced to Local Standard Time, with status
flags attached as appropriate to mark periods gwinich the monitors are undergoing calibration
checks or maintenance.

1-minute data values for each parameter will béeveed by the data technician using software that
presents these data on a PC monitor as scaledsénes plots. This allows QA-review of short-
term data intervals equivalent to a strip charoreéc

Monitoring project personnel can communicate wi# installed data logger from remote locations
by means of an IBM-compatible personal computer) (8@l internet connection and also locally
by means of a portable laptop PC. Campbell ScieritdggerNet PC-based software enables these
communications, as well as automatic data polldega processing and data reporting functions.
The LoggerNet software will be used to monitor #tation, transfer data to the central processor
and develop the data reports. Sections 4.5.1 @&d grovide detailed information for establishing
local and remote communication with the data logger

Refer to Section 8 in this document for detailefbrimation regarding data processing, validation
and reporting procedures.

Labadie Sulfur Reduction Project QAPP
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2.2 INSTRUMENT SITING AND INSTALLATION

The siting and installation of meteorological instients are interrelated topics, so they are
discussed together in this section. These installaand siting methodologies should be

supplemented with the manufacturer's specific usitons in order to guarantee proper installation
of the instruments. In addition, several secondacyors, such as accessibility and security, are
taken into account during the siting process.

221

1)

2)

3)

4)

5)

Wind Speed and Wind Direction

The wind instruments should be securely mountethasts that will not twist, rotate, or
sway.

wind instruments should be top-mast mounted sueh tie tower structure is well
below the instrument or alternatively mounted gor@ecting, rigid boom such that the
sensors are at a distance equal to twice the maxidiameter of the tower away from
the nearest point on the tower. The boom showdgprinto the prevailing winds.

All wind sensors should be aligned with respecthe vertical. Vertical alignment
should be established with a good carpenter'srpetio level at two points 90 degrees
apart in the horizontal.

Horizontal wind direction sensors should be oridritewithin +2° of true north.

Preferably, all wind sensors should be sited away fany surrounding obstruction by a
distance of 10 times the height of the obstructinitases where practical considerations
regarding site selection (e.g., availability of dantility services, access and security)
preclude meeting the criteria, the sensors shoeldited in an open area as far as
possible from obstructions. A qualified meteorokbgghould evaluate the site location
for suitability.

2.2.2 _Temperature

1)

2)

The temperature (antl-T) sensors should be mounted over a plot of opeal Iground

at least 9 meters in diameter. The ground sutfeceath the instruments should not be
concrete or asphalt, nor should the instrumentedeed any closer than 30 meters to a
large paved area. The ground surface should beredwvith short grass or, in areas
where grass does not grow, natural earth.

The sensors should be shielded from direct sotiiatian and adequately ventilated at a
constant ventilation rate. The air intake of tadiation shield should be either pointed
downward or laterally toward the north.

Labadie Sulfur Reduction Project QAPP
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Relative Humidity

1) The relative humidity sensors should be mounted avplot of open level ground at
least 9 meters in diameter. The ground surfacediérthe instruments should not be
concrete or asphalt, nor should the instrumentedaed any closer than 30 meters to a
large paved area. The ground surface should beredwvith short grass or, in areas
where grass does not grow, natural earth.

2) The sensors should be shielded from direct sotiiatian and adequately ventilated at a
constant ventilation rate. The air intake of tadiation shield should be either pointed
downward or laterally toward the north.

Barometric Pressure

Barometric pressure sensors should be installed Incation that meets the following
criteria:

1) Uniform, constant temperature (except if the insteat is not temperature-sensitive).
2) That has good general lighting but is shielded fdbract sunshine.

3) Where it will have a solid, vertical mounting.

4) Where it will be protected against rough handling

Solar Radiation

1) A solar radiation sensor should, to the greatestrgypracticable, be mounted above the
plane of any nearby obstructions and at a heigiitghrmits ready access to the sensor
for routine inspection. The sensor should be latatech that shadows will not be cast
on it and away from surfaces that could refledttlign it. The sensor should be mounted
on a rigid platform with the light-sensing hemisgh&acing upward in a level position.

2) The sensor should be mounted at a sufficient haplove the underlying surface to
prevent inadvertent contact and to prevent dirt@etaris from collecting on the sensor.

Precipitation

1) The support, or base, of any gauge must be firmighared, preferably on a level
surface so that the sides of the gauge are vedit@dlthe collector is horizontal. The
collector can be checked with a carpenter’s levatqa at two intersecting positions.
The level of the bucket assembly on the tippingkbtigauge is also critical and should
be checked along its length and width.

2) The gauge should be shielded from the wind butpteted in an area where there will
be excessive turbulence caused by the shield. r@iisins to the wind should not be

Labadie Sulfur Reduction Project QAPP
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closer than two to four times the obstruction hefgbm the instrument. In open areas, a
wind shield such as that specified by the NWS sthbel used.

3) The ground surface around the rain gauge may heatategetation or gravel. It should
not be paved so as to avoid splashing the gaugee ghuge should be mounted a
minimum of 30 cm (approximately 1 foot) above tmeund higher if necessary so that it
will not be covered by snow.

2.2.7 Meteorological Tower

1) Towers should be located in an open area reprasentd the area under study.
2) Towers should be of the open grid type of consimoact

3) Towers must be installed strictly according to nfanturers' guidelines and
specifications so as to provide a rigid and safgcsire whereby the instruments may be
sited at their specified levels. Proper considenashould be made for wind load and
wind zone in specifying the design and type of toteebe utilized, as well as local and
national safety codes and regulations. All towiestalled by Enviroplan Consulting
meet specific safety and code requirements ap@tepio their use.

2.3 INSTALLATION DETAILS

2.3.1 Wind Speed Transmitter Installation

The Climatronics F460 Wind Speed Transmitter is med on the Climatronics P/N 100487
crossarm. Connections to the data logger are mada signal cable terminating in an Amphenol
connector provided on the crossarm. The crossamointed on a vertical 1 1/4 inch pipe.

The sensor mounts on the pre-wired F460 crossarmdighing the keyed electrical connector and

the notch on the lower part of the sensor bodyéocbrresponding socket and keyed alignment pin
on the crossarm. Secure the sensor by lightlytdighg the two set screws located at the base of
the sensor. The cup set attaches to the sensmatohing the groove in the cup assembly hub to
the shaft hub and lightly tightening the set screws

The Climatronics 102236 Vertical Component Anemanét mounted on the Climatronics P/N
102234 mount which allows mounting to the vertitdk inch mast. The sensor’s connector screws
into the mount and the sensor is secured by turtiiagconnector until it bottoms. Applying some
silicone grease on the connector threads will itatd disassembly should it become necessary.
Install the propeller so that the propeller semianber faces away from the sensor.

2.3.2 Wind Direction Transmitter Installation

The F460 Wind Direction Transmitter is also mounted the P/N 100487 crossarm. Signal
connections to the data logger are made througlsadhee signal cable connector as is used for the
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wind speed sensor. Mounting of the sensor is idanto the wind speed procedure, including
mating of a keyed electrical connector and notctthia lower portion of the sensor with the

corresponding keyed socket and alignment pin oncdiossarm. The keyed sensor/crossarm
mounting system ensures accurate generation oflangund direction data, provided that the

crossarm is accurately oriented with respect to@w azimuth heading (typically True North) and

the sensor is correctly calibrated internally.

In order to obtain correct wind direction readingse F460 wind direction transmitter must be
checked for proper internal azimuth alignment usheg Climatronics azimuth linearity test fixture
(P.N. #101754), which ensures a precise and copleaical alignment is maintained between the
keyed hub for vane attachment, the sensor's irtesigaal transducer (potentiometer) and the
sensor's keyed crossarm mounting socket. Subeset@i®.2.5 provides a detailed procedure for
this check (under "System Performance Test") djdstment is required, the manufacturer's System
Engineering Manual should be consulted.

2.3.2.1 Aligning the Climatronics F-460 Crossarnto True North

It is also necessary to accurately orient the Fet@@sarm assembly to a known azimuth heading
(typically, the heading used is true north). Foetnorth orientation, it is necessary for thelseri
mark on the crossarm mounting socket for the wimdction sensor to be facing due south. A
compass, surveyor’s transit or Global Positionirygt&m (GPS) device can be used to determine
true north by applying appropriate corrections fmgnetic declination. Alternatively, true north
can be determined for aligning the crossarm ushmgy pgrocedure described in the following
subsections.

2.3.2.1.1 Using the True Soar Noon (TSN) Method Determine True North

An accurate method utilized for accurately oriegtihe crossarm to true north is to utilize the True
Solar Noon (TSN) method for determining true noglative to the tower on which the crosssarm
will be mounted. In order to utilize the TSN medhdrue Solar Noon (TSN) for the site longitude
on the day of crossarm orientation must first dewated. Following is a brief explanation of how
true north or true south is determined, followedabgliscussion of the actual crossarm orientation
procedure.

The sun travels at the rate of°1&f longitude per 60 minutes. This rate subsedyestiuces to
1/4 per minute or 15' of longitude per minute of tiniEhis rate is based upon the mean sun travel
rate over the whole year at any longitude. Duéh®earth's path of revolution about the sun, its
axis angle perturbations and other factors, theasmally travels at different rates across the sky
during the year. When the sun is at the zenititsgbath, a shadow produced by an object points to
true north in the Northern Hemisphere or true saatlthe Southern Hemisphere. All of these
factors interact in determining true north or teaeith.

The earth is divided into a series of time zonexhEime zone has a Main Meridian (longitudinal
center of the zone). As the sun travels acroszdime, it reaches its zenith at different times for
different longitudes within the time zone.
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For points east of the Main Meridian, the zenitheigched earlier than 12:00 noon while, for points
west, it is reached later. The sun reaches itdlzewer the Main Meridian of a given time zone at
12:00 noon, Local Standard Time, or “LST”". Tablé& fists time zones with Main Meridians. Table

2-2 lists the time correction necessary due tdesssiongitude difference from the Main Meridian.

ALWAYS USE LOCAL STANDARD TIME.

The previous calculations are based on the medngbdlhe sun across the sky for the entire year at
any given longitudinal point. The sun actually earits track during the year. Table 2-3 lists the
additional compensation needed for any day of #a.yAdding time means the sun would appear
in the sky to the east of its mean path, subtrgatieans it appears to the west.
The following procedure can be used for determining north or south.
2.3.21.2 Equipment

1) Two stakes (3-4 feet tall), one with a colored Tihe tower may substitute for one stake.

2) Alevel.

3) Unobstructed sun at the site location at the tifrieroe Solar Noon.

4) Accurate clock (to within 1 minute).

5) Rubber mallet.

6) Climatronics crossarm sighting scope (P.N. 101b2&urveyor’s transit.

2.3.2.1.3 Procedure

Part 1: Calculate True Solar Noon for the Towée Ebcation

1) Use Table 2-1 to determine the Main Meridian foarypme zone.

2) Use alocal map or U.S. Geological Survey map terdene your site's longitude to the
nearest 15 minutes.

3) Calculate the difference between the site's lodgitand the Main Meridian longitude
using Equation 1:

Site Longitude - Main Meridian = Longitude diféace Equation 1

4) Use Table 2-2 to convert the Longitude differenceattime difference and add or
subtract that time from 12:00 noon (standard time).
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The time calculated in Step 4) is the Base SolaorNfor the site and is the same
throughout the entire year. Use Table 2-3 to adjost Base Solar Noon to True Solar
Noon for the particular day of the year.

NOTE: Always use Local Standard Time (1 p.m. Dayligt Savings Time is actually
12 noon Standard Time).

Part 2: Establish True North at the Site Locatiod Align Crossarm

1)

2)

3)

4)

As True Solar Noon time approaches, reference thdawv which is cast from the top
mast (uppermost central point) of the tower ontgdround.

Drive a stake into the ground at the center ofsteedow cast at True Solar Noon.

The line defined by the stake and the center oftdkesr points out true north. Use a
surveyor’s transit or other accurate straight-lieehnique to extend this line out from
the tower at least 100 feet. Drive a stake orrotible benchmark into the ground
exactly centered on this line 100 feet (or morejatit from the tower.

Using OSHA-approved climb safety harness and sssperapparatus, climb the tower
to access the crossarm. Use lanyard(s) with safgty to provide a secure, hands-free
working position. Install the Climatronics Crossasighting Scope (P.N. 101126) on
the north end of crossarm over the mounting sooketnally occupied by the F-460
wind speed sensor. Look through the crossarmismlsicope to determine if the true
north benchmark established in Step 3 above isspahtin the vertical reticule of the
sighting scope (adjust the vertical angle of thghting scope as-needed to view the
benchmark). If the true north benchmark is notcdyacentered, slightly loosen the two
large setscrews located on the center (verticgk pail fitting that secure the crossarm
to the tower topmast. Adjust the horizontal azimatientation of the crossarm until the
true north benchmark is centered on the vertidatule as viewed through the sighting
scope. (Note: the body mass of the climber shbel#ept centered on the tower when
making this adjustment; this will minimize the pibdgy of the tower “leaning” away
from the vertical). When the crossarm is alignadhsthat the true north benchmark is
exactly centered on the vertical reticule in thghhg scope, carefully tighten the
crossarm mounting set screws to secure the crossathis position. Re-check the
crossarm orientation after the set screws are. tight
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TABLE 2-1: TIME ZONES VS. MAIN MERIDIAN

Time Zone Main Meridian

Greenland 45th
Atlantic 60th
Eastern 75th
Central 90th

Mountain 105th
Pacific 120th
Yukon 150th
Bering 165th
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TABLE 2-2: LONGITUDE DIFFERENCE VS. TIME ADJUSTMENT
E?#g;;%i Time Adjustment E%?g;;%i Time Adjustment
From Main Meridian (minutes) From Main Meridian (minutes)
00" 0 00" 0
0 15 -1 o 15' +1
0 30° -2 +0 30° +2
45' -3 45' +3
00" -4 00" +4
0 15 -5 o 15' +5
-1 30" -6 +1 30" +6
45' -7 45' +7
00" -8 00" +8
0 15 -9 o 15' +9
-2 30" .10 2 30" +10
45' 11 45" +11
00" -12 00" +12
0 15 .13 o 15' +13
-3 30" .14 +3 30" +14
45' .15 45' +15
00’ .16 00’ +16
0 15 17 o 15' +17
-4 30" .18 +4 30" +18
45' .19 45" +19
00’ -20 00’ +20
0 15 21 o 15' +21
-5 30 222 +5 30 +22
45' 23 45" +23
00’ 24 00’ +24
0 15 .25 o 15' +25
-6 30" -26 +6 30" +26
45' .27 45" +27
00" .28 00" Igg
0 15 -29 o 15'
-7 30" -30 7 30" Igg
45' .31 45'
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TABLE 2-3: DAY OF YEAR ADJUSTMENT

Month Day Time Adjustment (Minutes)
10 +8
January 20 +11
30 +13
10 +14
February 20 +14
30 +13
10 +1C
March 20 +8
30 +4
_ 10 +1
April 20 -1
30 -3
10 -4
May 20 -4
30 -3
10 -1
June 20 +1
30 +4
10 +5
July 20 +6
30 +€
10 +5
August 20 +3
30 +1
10 -3
September 20 -7
30 -10
10 -13
October 20 -15
30 -16
10 -16
November 20 -14
30 -11
10 -7
December 20 -2
30 +3

Use linear interpolation to determine the time atiients required for days not listed in the table.

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 19 of 115

2.3.3 Temperature and Temperature DifferenceX-T) Installation

2.3.3.1Motor-Aspirated Radiation Shield Installation

1)

2)

Two Climatronics TS-10 series shields are mountaakzbntally on the meteorological
tower. One shield is mounted at a height of 2 nsetier) above ground level (AGL) and
houses the ambient air temperature probe and teekaumidity probe. The second TS-
10 shield is mounted at a height of 10m AGL andsesiuthe temperature difference (
T) probe. Each TS-10 shield is mounted with theaesh vent of the motor housing
facing downward so water does not enter the mdtmwdy unit. The open end of the
radiation shield should face northward to reducdiatéeon errors caused by the sun
shining into the end of the shield. TS-10 shielseasblies are mounted on the tower by
means of a pipe rail fitting or u-bolts attachedatshort, vertical, 1-1/4 inch diameter
pipe (typically mounted either on the top masthef tower or on an offset bracket).

Access to the blower motor is gained by simply tafieg the two latches of the motor
housing cover. A safety cable keeps the motor ihgusover connected to the main
shield body and eliminates the risk of droppingdbeer.

2.3.3.2Temperature andA-T Sensor Probe Installation (or Removal)

Installation or removal of either the air temperatar A-T probe is made with the 115V AC power
for the blower motor disconnected and the corredipmn Amphenol connector for AC power
delivery to the aspirator DETACHED. The procedisrevritten in the sequence that would be used
for sensor removal, since the radiation shield/mcally shipped with the probe already installed.
The probe is installed by simply reversing thedwaling steps.

Temperatured-T Probe (P/N 100093) Removal:

1)

2)

3)

4)

5)

Looking into the open end of the radiation shieldincler, you will notice an inner
shield assembly with a pull ring.

Gently pull on the ring and slide out the inneresthiassembly about 2-3 inches.

Un-loop the probe’s signal cable from the innerekhislides. The probe’s cable is
looped around one of the shield guides that sgaeénner shield from the outer shield.
Remove the entire inner shield.

You will notice a thumbscrew at the rear of theanrshield network. Loosen the
thumbscrew and remove the probe from the innetdshie

To totally remove the temperature/™T probe and cable, you must unlatch and remove
the blower motor housing cover and disconnect tlobgis signal cable leads from the
terminal strip.

Temperatured-T Probe Installation:
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1) To install the temperature @&-T probe, reverse the above steps (1 - 5). NOTie T

inner shield assembly must be properly orientedrfstallation into the radiation shield.

Consult the manufacturer's system manual for prapmntation. Be sure to loop the
excess length of sensor signal cable over one efirther shield guides. This will

prevent the probe’s signal cable from possiblyiggttaught in the aspirator fan located
at the rear of the shield.

2.3.4 Relative Humidity Sensor Installation

Sensor Removal and Installation (P/N 102798)

1)

2)

3)
4)

5)

The sensor is easily accessible by unclasping whe latches of the radiation shield
aspirator motor housing cover. (Not&nsure power to the aspirator motor is
disconnected first

Remove the motor housing cover to expose the sensonted at the base of the shield
inlet cylinder in front of the fan.

Release the sensor by removing it from the clip $kaures it to the base of the shield.
Disconnect the sensor signal wire leads from thaiteal strip.

Perform Steps (1) through (4) above in reverse rotdeinstall the sensor into the
radiation shield.

2.3.5 Barometric Pressure Sensor Installation

The barometric pressure sensor is pre-mounted enNBEMA 4X enclosure or in the shelter
approximately 1.5m above ground level. The NEMAlesure provides a solid, vertical mounting
surface that shields the sensor from direct sueshind any rough handling and is away from drafts
and heaters.

2.3.6 Solar Radiation Sensor Installation

The solar radiation sensor may be mounted on admal boom projecting from the face of the
tower or on a rigid platform or pedestal (typicadiymbedded in the ground).

Option 1: Boom-Mounted Solar Radiation Sensor:

1) The radiation sensor is mounted on a 5-foot loAgch diameter aluminum pipe rail
that serves as a fixed-position horizontal boome Thoom is secured to a
meteorological tower (or other suitable structubg) means of a U-channel with
spring nuts, bolts and adjustable brackets. Thenbslwould be installed so that it is
level and rigidly secured to the supporting streetu
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Rail Fitting Assembly: A right-angle pipe rail fitg is bolted to the underside of the
cast aluminum sensor mounting plate. The railnift{with the sensor and mounting
plate attached) is slipped onto the aluminum pakhboom, allowing the sensor to
be secured in an upwards-facing position at angtpiong the length of the boom
by means of integral set screws.

The shielded signal cable that transmits the sé&nstectrical output (measurement)
signal to the digital data acquisition system, dités to the sensor via a keyed,
weatherproof, bayonet-type connector. Align the ekkysurfaces in the cable
connector with the matching surfaces on the sensput connector, insert, and
rotate the knurled outer locking ring ~1/2 turnaklevise to secure the connection.

Re-check the sensor’s integral spirit level indaatand re-level the sensor as-
needed using the three knurled thumbscrews locatednd the perimeter of the
sensor base.

Reverse Steps 1-4 above to remove the sensor.

Option 2: Pedestal-Mounted Solar Radiation Sensor:

1)

2)

3)

A pedestal mount may be fashioned from a square (84 x 8” and®¢" thick) of
galvanized steel or aluminum welded to the top @' @0 3” diameter galvanized
steel pipe. The other end of the pipe is embedddalrbgrade in a concrete footer
block (approximately 1’ x 1’ x 2'D), ensuring thépp is vertically plumb and the
surmounting plate level. The overall height of thezlestal above grade is typically
1~1.5m.

The solar radiation sensor is mounted on the tde sf the plate by means of three
bolts evenly spaced around the perimeter of themdmase. Align the holes located
on the perimeters of the sensor and cast aluminoomting plate and pass the bolts
through; lightly fasten the bolts with the suppliads.

Three additional knurled “thumb screws” locatedtlo@ perimeter of the sensor base
allow the sensor to be leveled. An integral spaitel on the base provides a visual
indication for leveling.
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2.3.7 Precipitation Gauge Installation
The rain gauge will be mounted on a rigid platfd¥dm (in locales free of snow and debris)
to 2 m above ground level. The ground surroundieggauge will be natural vegetation, and
should be kept to a height of 6 inches or lessl(pedbw the sensor inlet height).

Sensor Installation:

1) Mount the gauge to the platform with the three ntimgnbrackets provided on the
gauge. The holes in the mounting brackets are $mel/4 inch diameter mounting
bolts.

2) Remove the outer shield to expose the base pldté@ring bucket mechanism.

3) Level the gauge using the spirit level mounted lom base plate. Washers can be
used as leveling shims between the mounting bradkethe gauge and the platform.

4) The tipping bucket assembly has been taped atattterfyy to maintain calibration
during shipment. Gently remove the tape and agh@ducket tips to both sides
easily and without friction.

5) Reinstall the outer shield. Ensure that the detrigen is installed in the gauge’s
collection opening.
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PARAMETER METHODOLOGIES

This section provides a detailed description ofdperation of each sensor from development of the
signal at the sensor and continuing to the datgdng

3.1

3.11

3.1.2

SENSOR OPERATIONAL DESCRIPTIONS

Wind Speed Transmitter (P/N 100075)

The F460 Wind Speed Transmitter is designed for tbreshold € 0.22 m/s) and fast
response, a large dynamic measurement range, andlditity to operate in adverse
environments. Wind Speed is sensed by a low-fnctthree-cup anemometer, the body of
which is made of machined aluminum. The cups abbens constructed of either
aluminum or Lexan. The transfer function is ideattifor either type of cup material.

A photo chopper, consisting of a lightweight, cheally etched disk divided into 30

sections and located within the sensor body, retati¢h the cups assembly. As the disk
rotates, the light path between an infrared ligmiténg diode and a photo transistor is
alternately blocked and left clear. In order tanimize power consumption, the power to
the light emitting diode is turned on for only 1@croseconds every 0.25 milliseconds. The
photo diode, photo transistor and supporting ebeatr circuitry housed within the sensor
detect and convert the light pulses produced byroketional speed of the photo chopper
disk to a square wave electrical output signal whiosquency is proportional to the wind
speed. This signal is fed through a signal cabtée input of the data logger.

Vertical Component Anemometer (P/N 102236)

Climatronics' Vertical Component Anemometer (P/N22B6) is the latest generation of
vertical wind speed sensors exceptionally low threshold (<0.14 m/s) and fastp@sse
are achieved through the use of mechanical featatesl in the proven F460 wind sensors.
The anemometer body is slender and aerodynamimgare that minimal turbulence is
introduced into the measured air stredfhe component anemometer is supplied with an
expanded polystyrene (EPS) propeller featuringtlmeshold.

Propeller rotation causes a 3-slot shutter to apgra solid-state light source. This pulse
signal is processed by an internal signal conditiomhich utilizes state-of-the-art surface
mount technologyThe sensor produces a dual frequency and linedivolilDC output.
Both signal outputs allow for full compatibility i Climatronics' and many other signal
conditioning and data acquisition products. The ponent anemometer mates to its mount
(P/N 102234) with a weatherproof connecidne mount features a choice of three standard
pipe adapters and includes a shielded signal gaieleired to the mating connector. The
cable length may extend upwards of 1,000 ft. wibhappreciable loss in signal strength or
quality.
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Wind Direction Transmitter (P/N 100076)

The Climatronics' F460 Wind Direction Transmitterdesigned for low thresholdi(0.2
m/s), fast response and the ability to operatedveese environments. Wind direction is
sensed by a lightweight, counterbalanced, magnegama. Vane position is converted to an
electrical signal by a precision low-torque potenteter and sent to the data logger as two
ratiometric DC voltages. A 1/32 amp fuse is com@@cen series with the potentiometer to
prevent damage if excessive current is inducebersystem (e.g., electrical surges).

Aspirated Radiation Shields

The air temperature and temperature differenceosendgll be housed within a Climatronics
Model 100325-2 radiation shield mounted at eachsomegment level (i.e., 2m and 10m) to
minimize bias of the data that can result from sodaiant heating effects and insolation.
The Model 100325 radiation shield is motor-aspaatproviding a continuous flow of
ambient air past the sensors to yield accurate unelent values, and has superior
serviceability features. The quick-release motmret and convenient access to the probe
housed within make it one of the most serviceateet-mounted aspirators available. The
forced aspiration and triple shield design enstua errors resulting from radiation and
insolation effects are minimized to less tharf0.2

Temperature Sensor (P/N 100093)

Ambient air temperature will be measured at a hlejland 10m using the Climatronics
Model 100093 composite (dual-element) thermistorgerature sensor. The Model 100093
accurately measures the air temperature air tertyperan still or moving air when used
with Model 100325 motor aspirated radiation shiglele 3.1.3 above). The data logger will
be programmed to automatically subtract each itet@ous 10m temperature value from
the corresponding 2m temperature value, therehyidgy averaging and reporting teT
(“A-T”) between the 2m and 10m levels.

The relationship of the dual thermistor’s varialdsistance characteristic to temperature is
very linear. The known error due to nonlinearitpaiees a maximum of0.16°C at about -
10°C and +48C. Other temperature measurement system errordugréo solar radiation
(£0.1°C) and the accuracy of the thermistor itsgld.(5’C). Thermistor non-linearity errors
are compensated for by means of an offset programmi the data logger. As a
consequence, air temperature total measurementisrco+0.5°C across the measurement
range. Temperature difference measurements obtaigigeceen two Model 100093 probes,
each mounted in a Model 100325-2 radiation shiedale a relative accuracy £0.1°C.

Relative Humidity (RH) Sensors

Relative humidity (RH) will be measured at a height2 m AGL using the Climatronics
Model 102273 thin-film capacitive sensor, an eximeyatlly stable sensor with response time
of (<10 seconds without filtering). This sensor requieesninimum of maintenance or
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calibration and features exceptional resistanceottaminants. Repeatability is excellent,
even after complete sensor saturation. The Mod22718 sensor maintains its accuracy over
the full range of humidity, even in conditions @de condensation. This is accomplished by
electronic temperature compensation.

The sensor’s signal is processed by an internabsigpnditioner which utilizes state-of-the-
art surface mount technology. The sensor outpua i8-1VDC signal that is directly
proportionate to the instantaneous RH condition.

Barometric Pressue (BP) Sensor

Barometric pressure (BP) will be measured by thm&tonics Corp. Model 102270-G3 BP
sensor. The 102273-G3 features a built-in appboaspecific integrated circuit (ASIC)
which works hand-in-hand with a capacitive transuto achieve long-term stability
(sensor calibration drift is < £0.25% of full scaleer 6 months at 70°F) and high accuracy.
The sensor provides calibrated pressure readings tbe range of 800 to 1,100 millibars
(mb) or 23.62 to 32.48 inches of mercury (inHg)hnain accuracy of £0.1% of full scale (<
+0.3 mb or < £0.01 inHg) over an operating tempemtange of -20° to 80°C.

Solar Radiation Sensor (Eppley Model 8-48)

The Eppley Model 8-48, or “Black & White” pyranoreets a wirewound plated thermopile
arranged in alternating black and white elemengsa(" pattern) surmounted by a ground
and polished “Schottky” hemispheric glass domecdhverts radiant solar energy to a
linearly proportionate electrical current signal accordance with the Lambert cosine
response law. Built-in temperature (thermistor) pemsation provides a response
independent of normal ambient temperature effddts.thermopile and dome assembly are
sealed against weather and air exchange. The sém@soran integral, user-serviceable
desiccant chamber to minimize condensation indideglass dome. For each sensor, the
manufacturer provides a unique temperature-depeedealibration curve (from -20 to
+4(PC) traceable to standard self-calibrating cavityhgliometers which participate in the
International Pyrheliometric Comparisons (IPC) gviere years. Cosine response accuracy
is +<2% from normalization ) to 70 zenith angle and<5% from 70 to 8C zenith angle.
Temperature dependence<i1.5% constancy from -20 to +4D and linearity is<+1%
from O to 1,400 watts per square meter (\j/rResponse time is 5 seconde Gignal).

Precipitation

Precipitation will be measured with the Climatrani€orp. Model 100097 precipitation
gauge. The Model 100097 is a tipping bucket-typeggathat has a screened, 8-inch
diameter collection funnel opening. Precipitatiandhanneled to one of two triangular
buckets, which are balanced on a pivoting arm dtefnate in the sample collection
position under the funnel. When a pre-determinddnae of water accumulates in a bucket,
the weight will cause the bucket to tip the balaheem, thereby raising the other bucket
into the collection position under the funnel. Edmincket tip represents 0.01 inches of
precipitation as liquid-phase water. When a budket, it momentarily activates a sealed
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reed switch, which sends an event message to gfmalsconditioner or data acquisition
system. Upon tipping, the accumulated water witthia bucket is drained. The Model
100097 precipitation gauge has a measurement aycafa +1% for rainfall rates of up to
three inches per hour ardt3% for rainfall rates of up to six inches per hou
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4. CALIBRATION CONTROL STRATEGY

This section discusses field calibration of theegnetlogical measurement systems.
4.1 DATALOGGER CALIBRATION CONTROL

Meteorological measurement output voltages are kainpveraged and stored for retrieval in the
digital data acquisition system. For the monitgriprogram, this instrument is the Campbell
Scientific CR1000 data logger. The data loggermpouts included in all calibration checks
performed on the monitors, including initial ingdéilon startup calibrations and all subsequent
performance audit and other system performanceksh@be CR1000 self-calibrates to compensate
for changes induced by fluctuating operating terapuees and long-term aging effects on electronic
components.

The CR 1000 has an accuracy specification of £0.1%eading. The CR 1000 automatically
performs self-calibration during spare time in @axskequence (background), with a segment of the
calibration occurring every 4 seconds. Re-calibrabf the data logger is performed whenever the
data logger response to a defined, NIST-traceaipetivoltage exceeds established control limits.
If, during any calibration check of the meteorotdimeasurement system, it becomes evident that
any of the data logger responses exceed the abdaptimit for accuracy, and the fault is not
attributable to an error in the specified inputtagk, the data logger will be checked for correct
operation and re-calibrated as necessary.

4.2 SENSOR CALIBRATION CONTROL

Complete meteorological system performance checklside authoritative assessment of sensor
accuracy and performance parameters. These tegteidormed at minimum semi-annual intervals
both prior to and immediately following any maindece on the sensors which could affect their
performance characteristics (assuming the sensmsoperational prior to performing the
maintenance).

The system performance checks condugiedr to any scheduled preventive maintenance on the
sensors serve to assess and document the "As Faungifiadjusted, performance and accuracy of
the entire meteorological measurement system. Wwolp completion of any maintenance or
adjustment to the instruments, the measuremengrayst again performance-tested and the results
documented to ensure the system's "As Left" perdoca meets the acceptability criteria
established in support of data quality objectivastiie meteorological monitoring program.

Scheduled system performance checks are conduatsiteoat minimum semi-annual intervals
under the auspices of a technically qualified, elgmeed auditor. The test data and results of the
scheduled system performance checks described abowecollectively referred to as an
independent meteorological audit. Unscheduledesygierformance checks are also performed on
an as-needed basis by the network operator if tlopep operation of the meteorological
measurement system is suspect.
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Procedures for conducting complete system performane checks are described in Section 10.
The procedures described in Section 10 are perforrdewithin 30 days of startup, and at
minimum subsequent semi-annual intervals

Spare sensors, whether maintained at the monitaiteglocation or at Enviroplan Consulting's
service facilities, are performance-tested using Hame methods and acceptability criteria
described in Section 10. These sensors are maotais calibrated spares in case of malfunction or
failure of the currently operating sensors. Sectfoin this document provides procedures for
performing both preventative and corrective maiatex@ on the system, including associated
performance tests and documentation of maintenacibéties and performance test data obtained
in conjunction with maintenance activities.
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5. ROUTINE CHECKS OF DIGITAL DATA ACQUISITION SYSTEM

This section provides a detailed description otirmichecks of the digital data acquisitions system
(DAS).

5.1 OVERVIEW

The digital data acquisition system used in thisiteoing program is a Campbell Scientific
CR1000 data logger. The CR1000 is a precisiomunsnt designed for demanding, low-
power measurement applications. The central prowpssit (CPU), analog and digital
inputs, analog and digital outputs, and memorycanatrolled by the operating system in
conjunction with the user program. The user pnogrs written in CRBASIC, a
programming language that includes data procesangganalysis routines and a standard
BASIC instruction set. The CR1000 support softwéaeilitates program generation,
editing, data retrieval, and real-time data moiniigpr

For a more detailed overview of the CR1000 datgdo@nd its programming and support
software, please refer to Campbell Scientific’s 081 User Manual, Campbell Scientific’s
LoggerNet User Manual, and Climatronics’ Enginegitanual for this project.

5.2 CARE AND MAINTENANCE

The CR1000 is a 100% solid state device designddriction in all ranges of temperate
climates and from 0-95% (non-condensing) relativenidity. The instrument does not
require any scheduled preventive maintenance exueggible replacement of the internal
lithium battery once per decade (or less frequersthe Section 4.2.4 below), and should
give many years of reliable service.

5.2.1 Protection from Water

The CR1000 must be protected from liquid moist@entact of the instrument electronics
with liquid moisture will likely cause serious anshrepairable damage to the CR1000.
Water can come from flooding or sprinkler irrigatjdut most often comes as condensation.
Protecting from water is as easy as placing the@@RB1n a weather tight enclosure with
desiccant. The CR1000 is shipped with desiccamédoice humidity. Desiccant should be
changed periodically. The CR1000 is housed in aVINE4X (watertight, dust-tight,
corrosion-resistant, indoor and outdoor use) emckr within the climate-controlled
monitoring shelter. Do not completely seal theleswure if lead acid batteries are present.

If internal moisture is present in the enclosur@othe surface of any electrical connection,
the field operator should immediately contact Eopian Consulting’s technical staff for
support and recommended solutions.
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Protection from Voltage Transients

The CR1000 must be grounded to minimize risk of aigenby voltage transients associated
with power surges and lightning induced transierEsrth grounding is required to form a
complete circuit for voltage clamping devices batternal and external to the CR1000.
Surge protection devices are an integral part ef dystem and are housed inside of the
NEMA enclosure. Heavy-gauge (e.gAWG 6) stranded copper cable should be used to
connect the earth ground lug inside the NEMA 4Xleswre that houses the data logger
directly to the ground rod installed at the basthefmeteorological tower.

Calibration

The CR1000 uses an internal voltage reference utnedy calibrate itself. The CR1000
self-calibrates to compensate for changes indugdtuibtuating operating temperatures and
aging effects on internal electrical componentslf-&libration is automatically performed
during spare time in a slow sequence (backgrouwd)y a segment of the calibration
occurring every 4 seconds.

5.2.4 Internal Battery

The CR1000 contains a 3VDC lithium battery thatrafes the clock and SRAM when the
CR1000 is not powered. The CR1000 does not dramep&rom the lithium battery while

it is powered by a 12VDC supply. In a CR1000 stoaédoom temperature, the lithium
battery should last approximately 10 years (lesemperature extremes). Where the CR
1000 is powered most or all of the time, the lithigell should last much longer.

The meteorological system utilized in this monitgriproject also uses a back-up 12VDC
lead-acid battery or universal power supply in ¢évent of power outages. The back-up
battery will provide power for the data logger ahe sensors ensuring continuous data
collection in the event of a power outage.

5.3 LOCAL COMMUNICATION USING CR1000KD KEYBOARD DISPLA 'Y

Local communications with the data logger can taleee using the RS-232 and CS 1/O ports
integrated with the CR1000 wiring panel. Instantargeand historical data values from the data
logger can be obtained. On-site serial communinatiare available using the CR1000KD
keyboard display or by connecting a laptop comptaethe CR1000. This Section will cover
local communications using the keyboard display &®ection 5.4 will cover local
communications using a laptop computer. Sectioncbvers TCP/IP communications with the
data logger using a cellular modem device.

5.3.1 Equipment Required

« CR1000KD Keyboard Display.

« SC12 Two-Peripheral Connector Cable (2’ long).
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5.3.2 Procedure to Establish Local Communications With CR000 Data Logger

The CR1000KD keyboard display can communicate atdewve data using its default menus.
Connecting and using the default menus to retmiegktime and historical data is described below.
Other functions may be accomplished using the kagdisplay, but care must be exercised to not
alter any data logger settings. The Operations Mafor the CR1000 Data Logger should be
referred to for functions other than viewing ingtareous and historical data.

1. Connect the CR1000KD to the data logger’'s CS /@ psing the SC12 peripheral cable.

2. The CR1000KD should power up. If the keyboard @digmloes not power up, press any key
to turn on the display.

3. TheUp andDown arrow keys can be used to move the cursor. Mogetinsor so thdbata
is highlighted. Press tHenter key to display a list of options available forwiag data.

4. To view real-time data, move the cursor so fRedl Time Tables is highlighted. Press the
Enter key. A list of data tables created by the datgyés program will be displayed. The
following list of data tables should be displayed:

Public — displays instantaneous data;

Tablel — displays one-minute averaged data;
Table 5 — displays five-minute averaged data; and
Table60 — displays hourly-averaged data.

apow

5. Move the cursor to the field in which the data tisatlesired to be displayed is highlighted.
Press thé&nter key to display the data.

6. The keyboard display can be left connected to & dbgger when not in use. It will
automatically turn its display off after one minatethe display can be manually turned off
by pressindg=nd.

5.4LOCAL COMMUNICATION USING A LAPTOP COMPUTER

Serial communications to the data logger can beraptished using a laptop with a DB-9 serial
cable connected to the RS-232 port on the CR10Dthe laptop is not equipped with a serial
port, a USB-to-Serial Port adapter can be utiliz&hile communicating with the data logger,
the operator should exercise care not to selecsaftware functions that could alter any of the
data logger configuration parameters.

5.4.1 Equipment Required
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PC-type laptop computer equipped with a serial porEthernet port and Microsoft
Windows™ 7 or Windows XP operating system.

DB-9 serial communications cable (6’ to 10’ long)Gat 5-e Ethernet cable.

Optional: If the laptop computer lacks a serialtpgou will need a USB to Serial Port
communications adaptor and driver software.

Campbell Scientific LoggerNet software

5.4.2 Procedure to Establish Local Communications With CR000 Data Logger

If the laptop computer lacks a serial port, ins&allSB to Serial Port communications driver onto
the PC. Follow the prompts on the installatiortwafe. Using Device Manager, which is found on
the Hardware tab in the System folder in ContraidPaconfirm which ComPort the USB to Serial
Driver was assigned to.

1. Install the LoggerNet software from the diskette.

a. Insert the diskette into the disk drive and clo3ée installation software should start
automatically. NOTE: If the installation softwaglees not start automatically, go to
Start menu from the Desktop, go Run, selectBrowse, find the drive path for your
disk drive, selecAutoRun, and clickOpen. The installation software should start.

b. Follow the prompts to install the LoggerNet softear

2. Connect one end of the serial communications dablee CR1000 serial port labeled “RS-
232". Connect the other end of the serial cabléhéoserial port on the PC or, (if the PC
lacks a serial port), to the DB-9 cable port on$BlUserial port adaptor and plug the USB
connector on this adaptor into the USB port onldipéop PC.

3. Install the pre-configured CR1000 data logger ahtoLoggerNet software.

a. Open the LoggerNet Toolbar by double-clicking om thoggerNet icon on the
desktop.

b. Configure LoggerNet to communicate with the CR16ata logger.

+ Click on theSetup button on the LoggerNet Toolbar to open the Setupen.
+ Click on theAdd Root button

« SelectComPort

« Select RkBusPort (Other Loggers)

+ SelectCR1000

+ Click theClose button. You will still be in the Setup screen.

4. Set up the CR1000 installation for access to tha ldgger via a ComPort.
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a. Click on theComPort Node.

«  TheCommunication Enabled button should be checked.

+ In the ComPort Connection window, if the laptop has a serial port, sele@ th
ComPort number the serial port is assigned to (lysGam 1). If the laptop has
no serial port, select the ComPort number that agssgned to the USB Serial
Driver during installation of that driver software.

b. Click on thePakBusPort node.

« TheCommunications Enabled button should be checked.
« Set theMaximum Baud Rate window to 115200.
« ThePakBus Address should be 4094.

c. Click on theCR1000 node.

« TheCommunications Enabled button should be checked.
« TheCall Back button should be unchecked.
« TheAutomatic Hole Collection should baincheckedDisabled).

d. Click onApply. Close the LoggerNet Setup screen.

The installed LoggerNet is now configured to alltmal communication with the CR1000 data

logger. Refer to the LoggerNet User’'s Manual fodiidnal information on how to use this menu-

driven software to obtain the desired informatioont the installed CR1000 data logger. While
communicating with the data logger, the operataugh exercise care not to select any software
functions that could alter any of the data loggerfiguration parameters.

55INTERNET COMMUNICATION WITH DATA LOGGER

This section provides instructions on how to essabtommunications with the CR1000 data logger
using a PC and an internet service provider (ISfnection from a remote location. This type of
connection can be used to obtain instantaneoushesarical data values from the data logger.
While communicating with the data logger, the opmrahould exercise care not to select any
software functions that could alter any of the datger configuration parameters.

5.5.1 Equipment Required

+ PC-type computer with an active internet servicaneztion and running Microsoft
Windows™ 7 or Windows XP operating system.

- Campbell Scientific LoggerNet software
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5.5.2 Procedure to Establish Internet Communications WithCR1000 Data Logger

1. Install the LoggerNet software from the diskettéoothe remote PC.

a.

b.

Insert the diskette into the disk drive and clo3ée installation software should start
automatically. NOTE: If the installation softwadees not start automatically, go to
Start menu from the Desktop, go Run, selectBrowse, find the drive path for your
disk drive, selecAutoRun, and clickOpen. The installation software should start.

Follow the prompts to install the LoggerNet softecar

2. Set-up LoggerNet for an internet connection fromR€ to the CR1000 data logger.

a.

Open the LoggerNet Toolbar by double-clicking oe thoggerNet icon on the
desktop.

Install the CR1000 data logger into LoggerNet.

+ Click on theSetup button on the LoggerNet Toolbar to open the Setupen.

+ Click on theAdd Root button

« Selectl PP Port

« SelectPakBusPort (Other Loggers)

« SelectCR1000

+ Click theClose button. You will still be in the Setup screenouywill need this
for the next step.

3. Set up the CR1000 installation for access to tie ldgger over the Internet.

a.

Click on thel PPort Node.

« TheCommunication Enabled button should be checked.

+ Inthe Internet IP Address window, type in thedaling IP Address of the
CR1000 data logger used in OGR:35130080.eairlink.com:3001

+ Increase the Extra Response Timé@4s.

Click on thePakBusPort node.

« TheCommunications Enabled button should be checked.
« TheExtra Response Time window should be set @¥s.

« ThePakBusAddress should bet094.

Click on theCR1000 node.

« TheCommunications Enabled button should be checked.

- TheCall Back button should be checked.

« TheAutomatic Hole Collection should baincheckedDisabled).

Click onApply. Close the Setup screen.
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The installed LoggerNet is now configured to alloeammunication with the CR1000 data logger
via the internet. Refer to the LoggerNet User’s Marfor additional information on how to use this
menu-driven software to obtain the desired inforamafrom the installed CR1000 data logger.

6. ROUTINE CHECKS OF METEOROLOGICAL MONITORS

This section discusses procedures for conductingn® checks on the meteorological monitors.
These checks provide a documented, qualitative kchafc the operational integrity of the
instrumentation operated at the meteorologicalmstatA checklist (Form 6-1) is used to document
the results of these checks. An example of théxklist appears at the end of this section.

6.1 PURPOSE AND SCOPE

The purpose of this procedure is to provide docuaiem and instruction for conducting
gualitative operational checks and routine fieldadeeview of the meteorological monitoring
system, which includes:

+ Horizontal Wind Speed

«  Wind Direction

« Vertical Wind Speed

« Temperature and Temperature Difference
« Relative Humidity

« Barometric Pressure

« Solar Radiation

+ Precipitation

- Data Acquisition System

+ Meteorological Tower

6.2 FREQUENCY

Checks should be conducted at a minimum frequeh@nece every two weeks. In the event that
communications are not available with the on-siteSQ(preventing remote daily data polling and
review) a minimum of two site checks per week stidnéd conducted.

6.3 REFERENCES

e Quality Assurance Handbook for Air Pollution Measment Systems: Volume 1V,
Meteorological Measurement Systems, EPA-454/B-08-80arch 2008;

6.4 EQUIPMENT AND MATERIALS

« Form 6-1: Meteorological System Checklist
« Hand-held calculator

« Soft, lint-free cloth

- Binoculars (optional)

6.5 PROCEDURE
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6.5.1 Meteorological Sensor Checks

Visually inspect the tower-mounted instruments,ob@atric pressure sensor, precipitation gauge
and solar radiation sensor for any signs of danmgmalfunction. Use binoculars to inspect the
tower-mounted instruments if necessary.

If evidence of damage or malfunction is detectest ¥reventive and Corrective Maintenance”
(Section 7) for corrective action procedures. Catgla Non-Conformance/Corrective Action
(NC/CA) report describing the problem, investigatand corrective actions taken (refer to Section
9.3 in this document for a discussion of NC/CA mpo Record alear, concise, chronological
summary of all investigative and corrective actidakenin the on-site logbook as well. Note any
problems and status of resolution in the “Commes&tion of Form 6-1 (Meteorological System
Checklist).

6.5.1.1 Wind Speed Sensor Checks

« Anemometer cups or propeller should be spinningta consistent with prevailing
wind speed conditions (the capability to make tuslitative assessment increases
with operational experience).

« Check that the sensor body is plumb, rigidly modraed that there are no holes,
cracks, dents or improper alignment (tilting) irpsu

6.5.1.2  Wind Direction Sensor Checks
« The wind vane should be moving and aligned withdinection from which the wind
is blowing.

« Check the vane for holes, cracks, bends or dewst{tlting) from the horizontal
plane.

« Check that the sensor body is plumb and rigidly nied.
« Check the crossarm position for any visible evideot change from its normal

orientation to true north. _(Note: the wind speeds®r is normally mounted on the
end of the crossarm that points to the north).

6.5.1.3 Temperature and Relative Humidity Sensor Checks
- Verify that the radiation shields are properly otaed and rigidly mounted.
+ Listen to confirm aspirator fans are running ahidevels on the tower.
« Verify that the radiation shield housings are clean

6.5.1.4 Solar Radiation Sensor Checks
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« Check the sensor and mounting hardware for anysafiphysical damage. Ensure
the sensor is rigidly mounted and correctly oridr{facing upward).

+ Check the sensor’s glass dome for clarity. Useft kat-free cloth to clean away
any dust or foreign material. Check for any evidenof liquid moisture
(condensation) within the glass dome and on thartbgile. If liquid moisture is
present, corrective actions must be taken.

« Check the desiccant color (viewable through tharctgass window on the side of
the sensor body). If the color is blue, the desit@ndition is acceptable. If the
color is white or pink, the desiccant is spent andt be replaced.

« Check the sensor’s integral spirit level. If thebble is centered, the sensor is
acceptably level. If the bubble is substantiallysue the center ring, the sensor’s
mounting will require adjustment for proper levelin

6.5.1.6  Precipitation Sensor Checks

» Check the funnel screen and tipping buckets anefuéy remove any dust or debris
that may have collected. If the buckets need ahggravoid tipping the buckets or
putting excessive pressure on the bucket pivotithgsrIndicate in the site logbook
and on Form 6-1, Routine Site Check Form the datk tane of tipping bucket
cleaning so that no erroneous data due to inadtetipping of the bucketsis
incorporate into the database.

* Trim any vegetation around the base of the railggau

6.5.1.7 Barometric Pressure Sensor Checks
« Verify the sensor is securely mounted within theMNE4X enclosure that houses
the data logger and surge protection modules aatdhbre is no liquid moisture on
or around the sensor.

6.5.2 Review of On-Site Logbhook Documentation

Review the last few entries in the chronologictd fagbook and update this record:
- Entries should be complete, concise, and legible.

« Each entry should be signed by the operator wighdtite, time of arrival and time of
departure.

« A concise summary of all activities and QC cheduls should be entered.
- See that problems entered have been closed. ,Ifollmw up on the plan of action

that is required for each problem, and record msgrand status changes as they
occur.
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« Begin entry for this visit in chronological sitegloook. Enter date, time of arrival
on-site, and reason for visit (e.g., “conduct noeitsystem checks”).

6.5.3 Compare Current DAS Data to Ambient Conditiors (All Parameters)

The operator should compare the current data vahaisated by the DAS for internal consistency
as well as agreement with corresponding currentiemhbconditions. A laptop PC or the
CR1000KD keyboard display are needed to interfaitke the data logger's RS-232 port to obtain
the current data values (refer to Section 5.3Hergdrocedure for establishing local communications
with the CR1000 data logger). The instantaneoua daailable are already scaled in engineering
measurement units.

For each parameter, compare the instantaneous regasu value obtained from the DAS with
corresponding current ambient conditions. A reaBlanievel of agreement should result from this
gualitative assessment.

(a) Wind Speed: Estimate the current ambient wind speed by viguabhserving the rotational
rate of the sensor’s cups assembly or propeller @ierator will become proficient at this
with practice). Verify the current DAS-indicatednali speed agrees reasonably well with the
visually-estimated wind speed indicated by the aopsantaneous rotational rate.

(b) Wind Direction: Estimate the current the wind direction value Wserving the wind
direction sensor’s vane angle relative to the nedtth axis of the Climatronics crossarm.
Verify the current DAS-indicated wind direction ags reasonably well with the visually-
assessed wind direction indicated by the instaotasmgane position.

(c) Air Temperature: Evaluate the current DAS-indicated ambient airgerature for:

- Reasonable agreement with current local radio veeattport value or a reasonably
accurate mercury-in-glass thermometer kept atiteefa this purpose_(Note: obtain
any thermometer readings in a shaded area awaysoonces of hot or cold air).

- No rapid, large-magnitude changes (very low valiglover short-term intervals).

(d) Temperature Difference: Evaluate the current DAS-indicated temperaturtedéhce (A-
T”) value for:

- No rapid, large-magnitude changes (very low valiglover short-term intervals);

- Reasonable agreement with current air tempera2mg yalue; and

- Reasonable agreement with typi@all diurnal cycle values (i.e., slightly negative
values during sunny daytime hours transitioninglightly positive values during
nighttime hours).

(e) Relative Humidity: Evaluate the current DAS-indicated relative hutyidialues at the 2m
level for:

« Reasonable agreement with current local radio veeatport value; and
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« No rapid, large-magnitude changes (very low valiigover short-term intervals).
(N Solar Radiation: The current DAS-indicated solar radiation datausth@gree with current,

local conditions of the intensity of sunshine asdolated by cloud cover and the solar angle
relative to the horizon.

« A bright, sunny, cloudless, summer day at noon isskluri will typically produce
solar radiation values in the range of 900 to 1 \XMIGY.
. At night, DAS-indicated solar radiation data shoboéd0 W/ni (+2~3 Winf).

(9) Precipitation: Evaluate the current DAS-indicated value for gogation for:
« Agreement with current conditiondlOTE: DAS precipitation values represent a
totalizing (counting) function (i.etotal inches of precipitation per hour).

« The DAS should never indicate a negative precipitatalue.

(h) Barometric Pressure: Evaluate the current DAS-indicated barometric gues value for
reasonable agreement with current local radio vezatport value.

() Record the results of the DAS data comparisonsnagaurrent ambient conditions in the
spaces provided on Form 6-1.

() If the operator finds a significant discrepancysexibetween current DAS readings and
corresponding ambient conditions, he should ingagsi further. If the discrepancy persists,
a full system performance test should be conduectethe suspect measurement system as
soon as practicable. Refer to Section 10 in tlisuchent for procedures for conducting
system performance tests.

6.5.4 Digital Data Acquisition System (DAS) Checks

(@) Check the current data logger (CR1000) timaication. The data logger should
indicate current Local Standard Time (LST) (NOT ldgyt savings time). A
reasonably accurate timepiece or broadcast medi@ @nnouncement may be
referenced to make this routine check. If a sigaift discrepancy exists (more than 5
minutes), then the operator should repeat the chmsikg a NIST-traceable time
standard as a reference. If the data logger tloek éndication is within £5 minutes of
the NIST-traceable reference standard time inaioatio further action is necessary.

(b) Check the status of the voltage of the backaipery. The charger/regulator connected
to the back-up battery maintains a steady chagje sf ~13 VDC. If the data logger’s
back-up battery is less than 13 VDC, it may notdmeiving a charge current from the
charger or the site may not be operating on masmgep If the back-up battery voltage
is less than 13 VDC, investigative actions mustbdertaken to determine the time at
which the unacceptable condition or event began thadcause of the condition or
event. A review of recent monitoring activities oeted in the site logbook and a
review of the data record will help to establisls tinformation. Consultations with
project management and technical support staff lmegyelpful as well.
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Corrective actions must also be undertaken to vestble problem and restore the data
logger function to normal operation. At the moningrsite, this may involve checking
the mains power connection and circuit breaker.

If the results of the investigation determine tlesignable cause of the problem is
attributable to a malfunction in the data loggestablish a plan of action to effect
repairs and implement the plan.

(d) Enter any problems in the appropriate placéomm 6-1 and in the chronological site
logbook. Promptly inform project supervisory pemseh via telephone or email
regarding any problem detected. In consultatior sitpervisory or technical support
personnel, develop an Action Plan to resolve amplpms and implement the plan.
Enter any changes in the status of the problentsegsoccur and, if resolved, indicate
so in the site logbook. Continue to update superyipersonnel regarding the status of
the problem and Action Plan implementation.

(e) Complete a Non-Conformance/Correct Action (BI&)Y Report for each instance of
unacceptable data logger check results (refer wide9.3 in this document for a
discussion of NC/CA reports).

6.5.5 Restoration

Ensure all documentation is complete and all moimitp instruments and systems are either
operating normally or, if a problem is extant, tithe problem condition has been clearly
communicated to supervisory personnel, that anoAcRlan has been developed to identify the
cause and resolve the problem, and that documemtafi the salient aspects of the problem has
been properly initiated and/or completed.

6.5.6 Documentation

« Meteorological System Checklist (Form 6-1)
« Site Logbook
« NC/CA Form (if applicable)
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FORM 6-1: METEOROLOGICAL SYSTEM CHECKLIST

Network: Month/Year:

Site: Operator:

Date and describe any problems and maintenance perf ~ ormed in “Comments” section below

Dates of Checks —

1. Are horizontal wind speed cups spinning and undamaged? (Y or N)
2. Is the vertical wind speed propeller spinning and undamaged? (Y or N)
3. Is wind direction vane moving and undamaged? (Y or N)

4. |s crossarm positioned correctly? (Y or N)

5. Are all aspirators clean and blower motors functioning? (Y or N)

6. Is the precipitation gauge level and all parts clean? (Y or N)

7. Is vegetation around precipitation gauge 6” or shorter? (Y or N)

8. Is the solar radiation dome clean and no moisture inside? (Y or N)

. Is solar radiation sensor desiccant blue? (Y or N)

10.

Is solar radiation sensor level and undamaged)? (Y or N)

11.

Are all monitoring components secure and free from damage? (Y or N)

12.

Is the data logger indicated time accurate? (= LST =5 min.) (Y or N)

13.

Does DAS wind direction value agree with prevailing conditions? (Y or N)

14.

Does DAS hor. wind speed value agree with prevailing conditions? (Y or N)

15.

Does DAS temperature value agree with prevailing conditions? (Y or N)

16.

Does DAS A-T value agree with prevailing conditions? (Y or N)

17.

Does DAS solar radiation value agree with prevailing conditions? (Y or N)

18.

Does DAS RH value agree with prevailing condition? (Y or N)

19.

Does DAS vert. wind speed value agree with prevailing condition? (Y or N)

20.

Does DAS BP value agree with prevailing condition? (Y or N)

21.

de
co

Are there any unresolved problems with MET system? (Y or N; if “Y”,
scribe problem in “Comments” section and generate NC/CA report if problem
uld impact on data validity).

Comments:

Technician:

ENVIROPLAN
CONSULTING
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7. PREVENTIVE AND CORRECTIVE MAINTENANCE

This section provides instruction for the variousyentive maintenance activities required to help
ensure a high level of valid data capture and umsént up time. It should be noted that the
monitoring equipment selected for this projectesigned for high reliability and low maintenance
requirements. Should a problem develop, guidelfoeperforming corrective maintenance on an
as-needed basis are also provided in this section.

With the use of this document, the Climatronics iBegring Manual, a certified digital multimeter
and an inventory of spare parts, network operatdlide able to successfully identify and repair a
failure. In the event of an equipment failure, Eeviroplan Consulting field supervisor or project
manager should be notified promptly via telephone aonsulted regarding resolution of the
problem. If repairs cannot be made in the fieltk field supervisor or Enviroplan Consulting
project manager will arrange for expedited delivefya replacement part. In some cases, expert
technical assistance provided over the telephotieexpedite resolution of the problem. In all
cases, prompt notification and resolution of mattions are mandatory to ensure the percentage of
valid data required for the project's success. Agyipment returned for servicing to Enviroplan
Consulting, NJ, should be securely and protectiyigked and shipped to the attention of the
project manager.

Instrument problems such as excessive calibratrdty don-representative measurement data or
instrument malfunction that are not controlled bgventive maintenance must be dealt with by
troubleshooting as soon as practicable by the n&twperator and supported by contact with
Enviroplan Consulting’s technical support persororeéhe manufacturer, as required.

The Network Field Operator shall maintain a chrogatal summary of all problems and results of
subsequent investigative and corrective actiorthersite logbook and, when required, documented
on a Non-Conformance/Corrective Action (NC/CA) forfrefer to Section 9.3 for guidance
regarding NC/CA reports). A brief summary of amglgems and corrective actions should also be
provided in the “Comments” section of Form 6-1 (Btablogical System Checkilist).

7.1  WIND SPEED TRANSMITTER

The wind speed transmitter (or "sensor") is degigioe long periods of trouble-free operation in
extreme environments. The sensor's calibration ifurection of the manufacturer's design,
engineering, associated wind tunnel test data anduption quality control. The cups or propeller
do not have to be matched to a particular sensoadourate transmitter operation, and are not
typically susceptible to damage in normal use, ¢peirggedly constructed. If, however, the cups or
propeller become damaged, immediately contact their@plan Consulting field operations
supervisor or project manager. A spare cups adgesnid propeller are typically maintained on-
site and are easily replaced.

The weekly routine system checks for the wind speeditoring system (refer to Section 6 in this

document) provide frequent verification that thenavispeed signal output and associated DAS
reading is representative of prevailing conditioihg sensor’s cups or propeller rotate freely, and
the cups assembly or propeller is intact and freeglasnage. Routine preventive maintenance
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consists of replacing the sensor bearings afteroappately six months of cumulative or
continuous use. Preventive maintenance is perfdrime conjunction with the semi-annual
meteorological performance audits following comipletof "As Found" system performance tests.
Following completion of the maintenance, "As Leffystem performance tests are conducted.
Refer to Section 10.2.1 in this document for indinns on performing wind speed system
performance tests.

Investigative action followed by appropriate cotihez maintenance is required if a routine system
check or performance test of the system indicdtesénsor has excessive internal friction (barring
calm conditions). This condition reduces the sémsability to accurately respond to low wind
speeds.

7.1.1 Wind Speed Bearing Check and Maintenance Predure

If a routine system check or performance test ef shistem indicates the sensor has excessive
internal friction, or if the sensor bearings are dlor scheduled replacement, proceed as follows:

1) If the monitoring system incorporates a digdata acquisition system, provide the
proper status information indicating that mainteseis being performed and that the
data must not be entered into the monitored dase.bRecord the date and time
(Local Standard Time that the data channels were marked off-line ie th
“Comments” section of the Routine Site Check anthesite logbook entry for that
day, providing a precise time reference for davéere personnel.

2) Accessing Tower-Mounted Sensors:

If the meteorological tower is of the hinged, faldwn type, refer to Step a) below
for accessing tower-mounted sensors. If the melegical tower does not fold
down, refer to Step b) below for accessing towerinted instruments.

(@) For hinged, fold-down towers:

Carefully unbolt the tower base legs assembly ko tioe tower down. The tower is
hinged to pivot on two of the base legs. (Dependimghe strength of the individual,
this procedure may require two people). Leavelwsiein place (slightly loosened)
on each of the two base legs which comprise theg#diifor tower fold-down. These
are the two legs closest to, and parallel with, rti@nitoring compound gate. The
two bolts that secure the third leg of the towerthle base assembly should be
completely removed.

The design of the monitoring station compound essthiat the tower will fold down
past any obstruction (e.g., through the gate otirstgcfencing, etc.). The tower
should be lowered slowly. With arms raised anddimg the vertical uprights,
slowly "walk" the tower down. Care should be takleat enough slack exists in the
signal cables to allow for fold-down prior to engagin this activity. A box or prop
should be placed such that the tower top is supgooff the ground when fully
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folded-down. Care must also be taken to ensuteuments do not strike the ground
or are otherwise damaged.

(b) For Non-Folding Towers:

The operator must be trained and qualified to cliimd tower to access the tower-
mounted instruments. Tower-climbing activities pegformed only when weather
conditions are suitable (NEVER climb during threathunderstorm activity) using
OSHA-approved climb safety suspension belts or éss®s equipped with OSHA-
approved lanyards and clips for securing the clingadely to the tower. The proper
use of this equipment permits the operator to etk hands free for working with
the tower-mounted instruments and using hand tooBnviroplan Consulting
routinely trains qualified network operators in ffreper procedures and methods for
tower-climbing and related activities.

Remove the sensor cups assembly by loosenagwb top set screws (where the
cup arms join the hub) that hold the assembly ¢ostiaft. Lift the cups assembly off
the sensor body.

Remove the sensor by loosening the two setsced the base of the sensor. Be
careful not to loosen the sensor mounting socketws:located on the crossarm by
mistake! (Reference a spare sensor if in doubt.)

Hold the sensor in an upright position and lgefiick the top hub adapter of the
sensor. Closely observe its rotation, especialyt aoasts to a stop, to determine if
the bearings have acceptably low friction. The Imabmally spins freely, slowly
decreasing in rotational velocity as it coasts tenaoth stop. An abrupt stop is
indicative of excessive friction. Another testhaaring wear is to re-attach the cups
assembly and take the sensor to an indoor areasttisge of any air movement.
While holding the sensor body in a horizontal posit(parallel to the ground),
slowly rotate the sensor body while observing tlupsc There should be no
discernible movement of the cups for a completatiant of the sensor body in both
directions if the internal friction is within spéciation. If the sensor satisfactorily
passes this test, the starting torque thresholdbeaassumed to be <0.2 gm-cm.

NOTE: A torque watch is the preferred method for nmeasuring sensor starting
torque threshold, but is not always practical, dudo the very low values involved
(typically less than 0.1 gm-cm). If available, a \&ters Model 366-3M certified
torque watch may be used to assess the starting tpre threshold of the
Climatronics F-460 wind speed sensor. This torquevatch, which has a torque
measurement lower limit of 0.2 gm-cm, should regist no measurable torque
reading if the sensor’s starting torque is satisfaory.

Evaluate the torque test results and the cistantes which occasioned the test to
determine the need for further action and apprépngethod of documenting the test
results.
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a) If sensor starting torque test is performedctanjunction with a scheduled
performance audit: Record the "As Found" torqust tesult in the space
provided on Form 10-2. Ensure all "As Found" systgerformance tests
outlined in Section 10.2.1 of this document are pleted. If the "As Found"
sensor torque test result exceeds the acceptabitiijs stated in Step 5
above, or if the sensor bearings have accumulat@dréhs of use, perform
maintenance on the sensor as described in Stelow.be

b) If the torque measurement is performed in woction with investigative
actions (i.e., an unsatisfactory routine systemckheEvaluate the torque
measurement for acceptability (see Step 5 abolfefhe torque test results
are unacceptable, or if the sensor bearings ardodiseheduled replacement
(i.e., 6 months of cumulative use has accrued dimeg were new), proceed
as instructed in Step 7 below.

If the torque test result obtained in Step 5 abondécates that the bearings and
internal friction are acceptable, investigate forthier causes of the rotation
problem; intermittent binding of an internal movipgrt may be the reason. Note
that the sensor's response threshold @2 m/s. If the lack of cup rotation is due
to dead calm wind conditions, then the sensorf®paance may be normal.

If a problem is identified, develop and implemenplan of action to restore the
monitoring system to normal operation in as shotime as possible. Perform
complete "As Found" and "As Left" system performanests both prior to and
following corrective maintenance as outlined int#er10.2.1 of this document.

7) Wind speed sensor bearing replacement in e éan be effectively accomplished
by either of two methods:

a) Replacement of the entire sensor with a ptedespare sensor equipped with
new bearings; or

b) Disassembly of the existing sensor accompatwgdemoval of the old
bearings and installation of new bearings. Conthdt Climatronics P/N
100075 Wind Speed Transmitter Section or the Cliomds P/N 102236
Vertical Component Anemometer in the Climatroniasgiaeering Manual
for instructions on replacing the sensor bearings.

wind speed system and sensor performance checkitdsbe performed as soon as
practical in conjunction with sensor or bearinglaepment. These checks document
the system performance both prior to the maintemgh&s Found" tests) and after
the maintenance is completed ("As Left" tests)thé maintenance method involves
sensor replacement (as in 7-a above), both sergwsld be tested. For an
emergency swap-out, these tests can be performada#tr, more convenient date.
If the original sensor is to be serviced and reaittesd (as in 7-b above), then the
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performance tests should preferably be conductekeatime the maintenance takes
place. Refer to Section 10.2.1 in this documemtifstructions on performing
system performance tests. The test data mustdermted in the site logbook and
on Form 10-2, in accordance with the proceduresnegtin Section 10.2.1.

7.1.2 Other Wind Speed Sensor Problems and Asso@dtCorrective Maintenance

If there is no wind speed signal output, this cbodimay or may not be caused by sensor failure.
The following procedure assumes the wind speedosappears intact, and the cups assembly is
spinning freely.

1) Reference the system interconnection schematithe Climatronics Engineering
Manual and, using a voltmeter, measure and vehiéy gresence of the +12 volts
D.C. supply voltage for the sensor at the bareemtnals located on the front of the
data logger. If this sensor operating voltagebseat, the problem is likely to be in
the Campbell Scientific CR1000 data logger; procéedSection 7.3 below for
information regarding data logger maintenance.

2) If the +12V D.C. supply voltage for the sensoipresent, check for the presence of
the wind speed sensor output signal at the ap@tepterminals on the data logger
rear panel barrier strip. (Again, reference thsteay interconnection schematic in
the Climatronics Engineering Manual). The sensdpuwt signal is a square wave
whose amplitude is approximately 1.5V peak-to-peakd whose frequency is
proportional to the wind velocity.

3) If the sensor output signal is present, a fauitlh the data logger is again indicated
(refer to Section 7.3 below). If the sensor outpignal is absent, provide the
appropriate system status information to the DA8 aocess the tower-mounted
sensor as described in Section 7.1.1, Steps 1 ghr@,) above. Reference the
Climatronics Engineering Manual for the crossarmmi schematic and test for the
presence of the 12V D.C. sensor supply voltagehatsensor mounting socket
connection on the crossarm. If the supply voltageresent, then the problem is
likely in the circuitry in the sensor. If the sensupply voltage is absent, then the
signal cable connecting the data logger to thesaros (or the crossarm wiring itself)
is suspect.

4) Using conventional signal-tracing techniquesjticme to investigate to locate the
point in the chain of interconnected componenta/tath either of the two signals
(i.e., sensor supply voltage or sensor output $igara no longer present. Proceed
to repair or replace the indicated faulty compongsgnsor, crossarm wiring, or
signal connecting cable). Contact the field suervor Enviroplan Consulting
project manager for technical support and/or speamts as necessary for prompt
resolution of the problem.

5) Follow the instructions in Section 7.1.3, Stéphrough 4 (below) for restoring the
system to normal operation and providing properudmentation of the event after
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repairs are completed. If the corrective mainteearequired repair or replacement
of the wind speed sensor, refer to Section 10r2this document and perform wind
speed system performance tests on the system aatlest opportunity. Ensure all
documentation is complete, including annotatingetient and all investigative and
corrective actions in the chronological site loghoorhe event must also be fully
described in a Non-Conformance/Corrective ActionC(BIA) Report (refer to
Section 9.3 in this document for guidelines on NE/Reports). A reference to the
NC/CA report and/or a concise summary of the ewhauld also be made in the
"Comments" section of Form 6-1 (Routine System &&eand/or Form 10-2 (Wind
Speed System Performance Tests.

7.1.3 System Restoration

1)

2)

3)

4)

When replacing the cups assembly or propellertae sensor on the crossarm, do
not over-tighten the set screws; moderate tightgrgrsufficient to ensure rigid and
secure sensor mounting attachment. Referenceo8etii.1 (above) and reverse
Steps 1 through 4 for re-assembly and restorafidimeomonitoring system.

Check the crossarm position for any visible eviden€ change from its normal
orientation to true north. (Note: The crossararigntation is rigidly fixed. Any
disturbance of crossarm alignment would requiresw@rable force applied to the
structure). If the crossarm orientation is disaatbthe fact should be immediately
noted, documented, the field supervisor or EnvanpConsulting project manager
contacted, and an appropriate plan for correctiveioas developed and
implemented. See Section 2.3 of this documentrfgtructions and procedures for
crossarm alignment. If any wind direction datacalected while the crossarm
orientation is suspect, an "as found" and "as lgigck of crossarm orientation error
must be performed and documented.

If the monitoring system incorporates a digithlta acquisition system (DAS),
provide the proper status information indicatingttivalid data is again being
collected. Record the date and tinh®dal Standard Timethat the data channel(s)
were returned on-line in the “Comments” sectiontted Routine Site Check Form
and in the site logbook entry for that day.

Always record all preventive maintenance andremiive maintenance work
performed in the chronological site logbook, andFamm 6-1. If Form 10-2 was
used in conjunction with performance tests on edadr suspect sensor, explain the
reason for the unscheduled system performancandbe "Comments” section of
this form.

If the defective sensor was not repaired amstetein the field, securely pack the
sensor, protectively wrapped and padded, and shgEnviroplan Consulting, NJ.
The sensor will be repaired and tested prior tornéng it to the field.
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7.2 WIND DIRECTION TRANSMITTER

The wind direction transmitter (or "sensor") is eregred for long periods of trouble-free operation
in extreme environments. The sensor's calibratgoa function of the manufacturer's design,
engineering, associated wind tunnel test data aodugtion quality control. The vane assembly
does not have to be matched to a particular tratemput it must be a Climatronics F460 vane.

The vane assembly is a lightweight, rugged, allanebnstruction and does not typically require
replacement in normal use. If, however, the vgmeears damaged (holes, bent, etc.), contact the
Enviroplan Consulting project manager for immedgtigoment of a replacement vane if no spare is
kept on-site.

The weekly routine system checks for the wind dioecmonitoring system (described in Section 6
of this document) provide frequent verification tththe wind direction signal output is
representative of prevailing conditions, that teasor vane rotates freely, and that the sensor and
vane are rigidly mounted, plumb and free of damaBeutine preventive maintenance consists of
replacing the sensor bearing after six months ahuiative or continuous use. Preventive
maintenance is typically performed in conjunctioithrwsemi-annual meteorological performance
audits following completion of "As Found" systemrfpemance tests. "As Left" system
performance tests are conducted after maintenancempleted. Refer to Section 10.2.2 in this
document for instructions on performing wind direntsystem performance tests.

Investigative action followed by appropriate coti&z maintenance is required if a routine system
check or an audit of the system indicates the sesisaft is not freely rotating (barring calm
conditions), or if the vane appears to be damagedyvhenever acceptability limits for system
performance tests are exceeded.

7.2.1 Bearing Check and Maintenance Procedure

If a routine system check or performance test efsysstem indicates the sensor shaft (and vane) is
not freely rotating (indicating excessive interrfattion), or if the sensor bearing is due for
scheduled replacement, proceed as follows:

1) Perform Steps 1 through 3 in Section 7.1.1 {@pao provide proper status
indications on the data recording systems and mliztess to the sensor.

2) Remove the vane by loosening the two set sccewthe sides of the vane hiubo
not loosen the set screws on the sensor's keyed ganounting hub, which is
immediately below the vane hub! The vane hub sits on top of the sensor vane-
mounting hub. As a further means of distinguishiegiveen the two hubs, note that
the vane shaft protrudes from either side of theeaub. Lift the vane off the sensor
body.

3) With the sensor in a vertical position, cheble tsensor starting torque using a
certified torque watch with a range of 3 to 24 gm-(Waters model 366-1M or
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equivalent) in both clockwise and counter-clockwasections. Maximum starting
torque in either direction should not exceed 6 gm-c

4) Evaluate the torque test results and the cistantes which occasioned the test to
determine the need for further action and apprtpmaethod for documenting the
test results.

a) If sensor starting torque measurement is pegd in conjunction with a
scheduled performance audit: Record the "As Fotodjue measurements
in the spaces provided on Form 10-3. Ensure al Found" system
performance tests outlined in Section 10.2.2 ammpteted. If the "As
Found" sensor torque test results exceed the adubptlimits stated in Step
3 above, or if the sensor bearing has accumulatexr@hs of use, perform
maintenance on the sensor as described in Stelow.be

b) If the torqgue measurement is performed in woection with investigative
actions (i.e., an unsatisfactory routine systenckhe Evaluate the torque
measurements for acceptability (see Step 3 abowué)either the torque
measurement is unacceptable, or if the sensorrgeaidue for scheduled
replacement, proceed as instructed in Step 5 below.

If the torque measurements are acceptable, inastigrther to determine if
there is intermittent binding of the sensor's mgvparts or some other
assignable cause of the perceived restricted vavemment. Place the sensor
(with outer cover removed and vane installed) wegical position where it
can respond to light wind currents and can be bladeserved. Note that the
sensor's response threshold is 0.5 mph. If tHedawane movement is due
to calm wind conditions, then the sensor's perfegeamay be normal.
Remove the vane and determine whether it is bathatéhe hub attachment
point. If not, the vane hub can be re-positioned tbe vane shaft as
necessary to ensure the vane is balanced atathatent point. Consult with
Enviroplan Consulting's or the manufacturer's tezdinsupport staff if
necessary.

If a problem is identified, develop and implemernlan of action to restore
the monitoring system to normal operation in asrtshotime as possible.
Perform complete "As Found" and "As Left" systenif@enance tests both
prior to and following corrective maintenance aflinad in Section 10.2.2.

5) Wind direction sensor bearing replacement ie tield can be effectively
accomplished by either of two methods:

a) Replacement of the entire sensor with a predegpare sensor equipped with
a new bearing; or
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b) Disassembly of the existing sensor accompatwgdemoval of the old
bearing and installation of a new bearing.

It should be emphasized that, unlike the wind sEsedor, the wind direction sensor
requires precise internal re-alignment of the keyaxde hub with the potentiometer
wiper position to ensure proper azimuth responeviong bearing replacement. A
Climatronics azimuth linearity test fixture (P/N 1Ifb4) must be utilized to
accomplish this alignment. If replacement of tlearing in the original sensor is
performed, consult the Climatronics P/N 100076 Wibdection Transmitter
Manual for instructions on replacing the bearing aroperly aligning the vane hub
with the potentiometer wiper. The System Perforceanest procedures outlined in
Subsection 10.2.2 of this document must be perfdrimeth before ("As Found”
tests) and after ("As Left" tests) sensor beareglacement. When maintenance and
performance tests are complete, proceed to 7.208be

7.2.2 Other Wind Direction Sensor Problems and Assiated Corrective Maintenance:

1)

2)

Open fuse in the sensor: This condition waBult in a non-varying sensor voltage
output equivalent to 360 Replace the 1/32 amp fuse using a hemostathar ot
suitable heat sink between the fuse and the soldgigtail leads. Perform complete
system performance tests as outlined in SectioB.2Gt the earliest opportunity
following repair.

Open potentiometer in the sensor: This condlitvill also result in a non-varying
DAS voltage input equivalent to 360 Replace the potentiometer and align the
keyed sensor vane mounting hub with the potentiemeiper position using the
Climatronics P/N 101754 azimuth linearity test dir¢ and following the instructions
provided in the Climatronics P/N 10076 Wind Directi Transmitter Manual, or
replace the damaged sensor with a pre-tested apdresturn the damaged sensor to
Enviroplan Consulting for repair and alignment. rf&en the "as left" system
performance tests outlined in Section 10.2.2 onrédstored system at the earliest
opportunity.

7.2.3 System Restoration

1)

When replacing the sensor and vane assembtiieonrossarm, do not over-tighten
the set screws; light pressure is sufficient touemgigid and secure attachment.
Perform Steps 1 and 2 in Section 7.1.1 (abovegvernse order for restoration of the
tower and sensor.

Check the crossarm position for any visible eviden€ change from its normal
orientation to true north. (Note: the crossarmemtation is rigidly fixed; any
disturbance would require considerable force adplie the structure). If the
crossarm orientation is disturbed, the fact mustnbediately noted, documented
and the Field Supervisor or Enviroplan Consultirgjétt Manager contacted for
determination of corrective actions. See Secti@nr2this document for instructions

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 51 of 115

and procedures for crossarm alignment. If any widimelction data is collected while
the crossarm orientation is suspect, "As Found"'&sd_eft" checks of the crossarm
orientation must be performed and documented.

2) If the monitoring system incorporates a digithlta acquisition system (DAS),
provide the proper status information indicatingttivalid data is again being
collected. Record the date and tin@cal Standard Timethat the data channel(s)
were returned on-line in the “Comments” sectiorofm 6-1 and in the site logbook
entry for that day.

3) All preventive and corrective maintenance work stidae recorded chronologically
in the site logbook and concisely summarized in"tbemments” section of Forms
6-1 and Form 10-3 (if applicable). A Non-ConformafCorrective Action (NC/CA)
Report is required for documenting any problemsnéband the corrective actions
taken to resolve the problem. The NC/CA reportusthoeference the documented
"As Found/As Left" performance test results as i@pple. Refer to Section 9.3 in
this document for guidance on NC/CA Reports.

4) If the defective sensor was not repaired amstetein the field, securely pack the
sensor, protectively wrapped and padded, and shgEnviroplan Consulting, NJ.
The sensor will be repaired and tested prior tornghg it to the field.

7.3 TEMPERATURE AND TEMPERATURE DIFFERENCE SENSORS

Temperature sensors are basically maintenance-fPeeventive maintenance is concerned mainly
with the housing (aspirated radiation shield). &irepassageways and external surfaces should be
cleaned at least semiannually. Should excessiiendcessitate dismantlement of the radiation
shield for thorough cleaning, proceed as follows:

1) Provide the proper status indications to the datanding systems as described in Step 1
of Section 7.1.1 (above).

2) Disconnect the A.C. power to the radiation shiefdso disconnect the A.C. power and
signal connectors on the shield itself.

3) Looking into the open end of the shield cylindeguywill notice an inner shield
assembly with a protruding ring.

4) Gently pull on the ring and slide the inner shiatgembly out of the cylinder about 2-3
inches.

5) Un-loop the sensor cable from the inner shield rabge guides. The sensor cable is
looped around one of the shield guides that sgaeénnher shield from the outer shield.
Remove the entire inner shield.

6) You will notice a thumbscrew at the rear of theenrshield assembly. Loosen the
thumbscrew and remove the probe from the innetashie
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7) The inner radiation shield assembly can now benelda

8) Clean the exterior of the radiation shield to easeffective shielding from solar
radiation effects.

9) Unlatch and remove the blower motor housing covénarear of the shield. Inspect the
aspirator fan blades and barrier strip terminafstii@ temperature probe signal wiring
connections. Remove any accumulated dirt usirtgfdorush.

10)To reinstall the sensor, perform Steps 2-6 in reyerder.

11)Provide the proper status information to the datarding systems to indicate that valid
data collection has resumed in accordance withirteguctions contained in Section
7.1.3, Step 2 (above).

Always record all preventive maintenance perfornmethe chronological logbook and on Forms 6-
1 and Form 10-4 (if applicable).

7.4 SOLAR RADIATION SENSOR
Refer to Section 3.1.7 in this document for a dption of the solar radiation sensor.

7.4.1 Preventive Maintenance

Preventive maintenance for the solar radiation @egsnsists of: 1.) periodic cleaning of the
hemispheric glass dome that surmounts the therejoaild 2.) replacing the desiccant when the
color indicates it is spent. The recommended minimuequency for performing the cleaning
maintenance is weekly, however, more frequent ahgamay be indicated if operating environment
factors such as oily aerosols or high particuladecentrations degrade the sensor’s performance
characteristics. The frequency of desiccant rephecg is largely dependent upon prevailing
conditions of atmospheric moisture; however, if desiccant requires replacement more frequently
than once per week (as indicated by a change of é@m blue to white or pink), it may indicate
that the sensor’s seals are compromised, requiongctive maintenance. Unsatisfactory results of
routine system checks and/or system performante $ésuld be considered as possible indicators
for more frequent maintenance.

7.4.1.1 Cleaning the Glass Dome

1) Provide the necessary status indications for tha dacording instruments (i.e., data
logger) in accordance with the directions set famtBection 7.1.1, Step 1 (above).

2) Use a soft, lint-free cloth to gently wipe away atust or other foreign material that is
visible on the surface of the glass dome. If theeni@ cannot be removed with a dry
cloth, a non-abrasive cleaning agent may be usejl, (& glass cleaning solution),
however, the dome should be rinsed with distilleatess and dried following the use of
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any cleaning agents. It is imperative that the afperefrain from using any materials
that could scratch or alter the characteristics othe precision-ground glass domeas
this could adversely affect the measurement chenatits of the sensor.

After maintenance is complete, the operator shahleick the sensor’s integral spirit
level indicator and adjust the level of the ser(senter the bubble in the bull’'s eye) as
necessary.

Provide the proper status information to the datarding systems to indicate that valid
data collection has resumed in accordance withirteuctions contained in Section
7.1.3, Step 2 (above).

7.4.1.2 Replace Color-Indicating Desiccant

If a check of the color-indicating desiccant (visithrough the round glass viewing port on the side
of the sensor body) reveals that the desiccaneasliy all white or pink, the desiccant should be
replenished as follows:

1)

2)

3)

4)

5)

6)

Provide the necessary status indications for tita decording instruments (i.e., data
logger) in accordance with the directions set famtBection 7.1.1, Step 1 (above).

Unscrew the knurled knob that surrounds the desfodawing window and gently pull
the cylindrical desiccant chamber straight out frtra body of the sensor. (Note: if
precipitation is occurring, temporarily disconnéoeé sensor signal cable connector and
remove the sensor to an indoor location to perfitnisimaintenance).

Dispose of the spent desiccant and re-fill the dmamwith fresh color-indicating
desiccant (8~12 mesh color-indicating silica gélshould be noted that there are no
known exposure or environmental hazards associaittd silica gel desiccant; spent
desiccant may be disposed of directly in with ndrinash. Spent silica gel desiccant
may also be recycled for future use by drying iimonventional oven at ~3%Dfor
15~20 minutes.

Re-install the desiccant chamber into the sensdy by reversing Step (b) above. Hand-
tighten the knurled knob of the desiccant chambeeimbly and ensure it is fully seated
against the gasket and sensor body.

After maintenance is complete, the operator shahleck the sensor’s integral spirit
level indicator and adjust the level of the ser(senter the bubble in the bull's eye) as
necessary.

Provide the proper status information to the datarding systems to indicate that valid
data collection has resumed in accordance withirteuctions contained in Section
7.1.3, Step 2 (above).
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Solar Radiation Sensor Problems and CorrectevMaintenance

The following information is provided to assist tbperator in correcting certain user-serviceable
problems that can occur from time to time. Greae chould be exercised whenever servicing the
solar radiation sensor to avoid damaging the glasse and thermopile elements-even the slightest
scratching or marring of these components canersbly damage the sensor and seriously alter its
performance characteristics. Resolution of mordosgsr problems should be referred to the

manufacturer in consultation with the Project Masrag

a)

Liguid Moisture Present Within Sensor: Liquidagk moisture within the sensor will
interfere with the transmission of solar energyotiyh the polished glass dome and
thermopile’s ability to accurately respond to safdiation energy. Affected data should be
considered suspect and are subject to invalidakitmisture within the sensor’s interior may
result from a degraded seal between the sensat's gafrom condensation. The latter cause
can typically be attributable to insufficient frespcy of desiccant preventive maintenance,
especially during extended periods of high humiditynoisture is evident within the sensor,
it will have to be carefully dried before represgive measurements can again be obtained.
The corrective maintenance should be accompaniddvegtigative actions to determine, if
possible, the time that the problem first occuraed an Assignable Cause for the problem.
Subsequent actions should be directed to corrgctiaficiencies to lessen the chance of the
problem reoccurring.

1) Provide the necessary status indications for tha dscording instrument (i.e., data
logger) in accordance with the directions set fantBection 7.1.1, Step 1 (above).

2) Disconnect the sensor’s output signal cable froemgbnsor and remove the sensor
from its mount. Transport the sensor to a cleani-Meprotected environment where
it can be inspected, disassembled and serviced.

3) Visually inspect the sensor for any signs of damdagarefully examine the area
where the sensor’s glass dome is fastened to tismsbody for evidence of a poor fit
or damaged or mis-aligned seal. Using a hex kest, tige fasteners around the
perimeter of the dome to see if any are loose.dNibthe moisture is largely present
on the inside surface of the glass dome, the Aabign Cause is most likely
condensation, as opposed to a mechanical leak.

4) Using a hex key, unscrew the fasteners around émempter of the glass dome.
Carefully remove the glass dome from the sensoy laod temporarily put it in a safe
place where it won't get scratched or abraded. &@m Wipe or similar lint-free,
non-abrading absorbent material to gently blot tiny surfaces of the thermopile
elements (do NOT rub or apply pressure to the sartd the thermopile elements!).
Clean and dry the interior surface of the domegisisoft, lint-free cloth.

5) Check to ensure the gasket around the perimeteghefthermopile elements is
properly seated and undamaged. Use a pressurizedtezaof clean, dry air
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(commonly available for cleaning electric equipmetot blow away any remaining
dust from the interior surfaces of the sensor pustr to re-assembly.

6) Re-assemble the sensor by installing the fastaeensved in Step 4 above. Employ
even-tightening technique during re-assembly. Miguaspect the interior surfaces
of the sensor (under the glass dome) to confirmetieno dust or foreign material
inside prior to final tightening of the fasteners.

7) Replace the desiccant (refer to the procedureatid®e?7.1.4.2 above).

8) Re-mount the sensor (ensure it is level) and rexednthe signal cable. Check the
instantaneous solar radiation indication on thea dagger for reasonableness and
agreement with current conditions. If the data appeasonable and the operation of
the measurement system normal, proceed to Stelp@®.be

9) If the data appear unreasonable or the measuresysteém’s operation is suspect,
double-check the sensor’s installation and sigmdillec connection and correct any
faults (the bayonet-type signal cable connectorreguire significant clockwise force
to fully seat and “lock”). If the suspect operatiogndition persists and the cause of
the problem is not visible, reference the systerhriwal manuals and wiring
interconnection diagram and use conventional elaairsignal tracing techniques to
isolate the problem. Contact Enviroplan Consul8ngéchnical support or the
manufacturer’s service department for assistanaeeasssary. If the problem cannot
be readily resolved, consult with the Project Maagr Field Supervisor and
formulate an Action Plan for resolving the problamd restoring the measurement
system to normal operational status as soon asiqable. A complete, documented
System Performance Test may be warranted follow@sglution of the problem to
formally confirm acceptable system operation (reter Section 10.2.4 in this
document for Solar Radiation System Performance fdresedures).

10)Following completion of the maintenance and condition of normal system
operational status, provide the proper status médion to the data recording systems
to indicate that valid data collection has resunmedccordance with the instructions
contained in Section 7.1.3, Step 2 (above).

b) Physically Damaged Sensor: The body of the soldiatian sensor is constructed of cast
aluminum with a white enamel finish and is not jgaterly susceptible to physical damage.
The ground-glass dome and the thermopile elemerds leowever, delicate and are
vulnerable to physical damage. Physical shock @anage the thermopile without visible
evidence. Should the glass dome sustain damage eegkage, cracking, scratching or
marring of any sort), the sensor should be immetliatemoved from it's mount and
carefully inspected for any signs of collateral g, especially to the thermopile elements.
If it appears that the thermopile is undamage@psacement dome can be obtained from the
manufacturer. Follow the procedure outlined in Stgpabove to install the replacement
dome (keep the sensor in a well-protected envirorimetil repairs can be made).
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Other damaged mechanical parts can be similarljaced, however, care should be taken
during the course of repair and re-assembly torene integrity of all gaskets and seals.

Any confirmed or suspected damage to the thermaog#enents (or internal electronic
components) mandates return of the entire senstinetananufacturer for repair and re-
calibration. The Project Manager should be condulte facilitate making these
arrangements. The sensor must be protectively gqueck and shipped via a reliable
commercial delivery service that provides a shipimteacking number (retained by the
operator).

7.5  RELATIVE HUMIDITY SENSOR

Relative Humidity sensors are basically maintendree If the sensor becomes contaminated, it
may be gently washed in distilled water or alcohhlis permissible to clean the sensor in a sonic
cleaner. In especially dirty operating environmetite dust cap on the sensor may require periodic
replacement (typically once per year, if this ie ttase). “As found” system performance tests
should be completed prior to replacing the sensmt dap. “As left” system performance tests

should also be performed subsequent to this manten Refer to Section 10.2.3 in Part 3 of this
document for Relative Humidity System Performanestprocedures.

All other preventive maintenance is concerned it aspirator shields, as described above in
Section 7.3.

Always record all preventive maintenance (PM) perfed in the chronological logbook and on
Forms 6-1 and 10-5 (if applicable).

7.6 PRECIPITATION GAUGE

Periodically check the rain gauge funnel screen rendbve debris that may have collected. The
tipping bucket and drain line should be cleanedisemually or more frequently if the operating
environment conditions warrant. Make sure the btland the inner funnel are clean and free
from obstructions. The tipping bucket and pivoaiegs are hardened high carbon steel, chrome
plated, and are treated with a light coating of Inrae oil. Every six months of operation a drop of
light oil should be placed at each pivot point. gefation in the immediate area should be kept
below a height of 6 inches.

Always record all preventive maintenance perfornmethe chronological logbook and on Forms 6-
1 and 10- 6 (if applicable).

7.7 BAROMETRIC PRESSURE SENSOR

Barometric Pressure sensors are basically maintedfa@e. The sensor is housed inside the
NEMA 4-X enclosure or monitoring shelter and istpaded from dirt and moisture. The sensor has
been designed to be inherently stable.

Always record all preventive maintenance (PM) perfed in the chronological logbook and on
Forms 6-1 and 10-5 (if applicable).
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7.8  DIGITAL DATA ACQUISITION SYSTEM

The data logger is a solid-state electronic dewib&h requires little or no preventive maintenance.
Refer to Part 3, Section 4 for an Overview of Cane Maintenance of the data logger or to the
Manufacturer's Engineering Manual for the Campb8tientiic CR 1000 Data logger for
information and procedures for resolving data loggeblems.
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8. DATA RECORDING, REDUCTION AND VALIDATION

This section presents the methodologies employedhf® reduction, processing and validation of
meteorological data. All system outputs exceptipitation data are recorded as one minute and
hourly block averages on a digital data acquisiigstem (DAS). The DAS reports precipitation in
hourly block values representing the total preaii in inches per hour. Periodic system checks
and test results documented on field quality cdrineck forms and audit forms are also integral to
the data validation process.

8.1 DATA TRANSMISSION, REVIEW AND STORAGE

8.1.1 Purpose and Scope

The purpose of this procedure is to provide docuatem and instruction for the receipt and
storage of monitoring data from remote stationshiegyData Management Department.

8.1.2 Frequency

One minute and hourly digital data is collectedlydéutomatically). These data are stored in
battery-protected SRAM and also in removable flammory, thereby preventing data loss in the
event of a power outage. The data logger will beimzed with sufficient flash memory to store
approximately one year of data.

8.1.3 References

e Quality Assurance Handbook for Air Pollution Measment Systems: Volume 1V,
Meteorological Measurement Systems, EPA-454/B-08-00arch 2008;

8.1.4 Equipment and Materials

Equipment used is a dedicated Data Management Degatr personal computer (PC) equipped
with a modem and running Campbell Scientific “Logget” communications, data processing and
reporting software.

8.1.5 Procedure: Data Transmission and Storage

8.1.5.1 The PC is programmed to connect via an internahection all ambient monitoring
stations operated by Enviroplan that use a Camuo&dintific-brand data logger (DAS).

8.1.5.2  Automatic interrogations are performed daily betwd:00 A.M. and 7:00 A.M. during
which time each station's DAS is requested to tearadl requested information (usually
a daily summary providing yesterday's data as lutmirand hourly values for each
measured parameter plus quality control information

8.1.5.3 Each business day a data technician checks theadilés to ensure that all data were
successfully transmitted and stored in the PC. allfdata were not successfully
transmitted, the technician will manually attemptcbntact and interrogate the on-site

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 59 of 115

data logger to retrieve the data. If this attempinsuccessful, the field supervisor and
local network operator are notified and advisetht@stigate and resolve the problem as
soon as possible.

Data are also reviewed for reasonableness and etanpks. (See Table 1-2 in Section 1
of this document for completeness criteria and goalhe data technician will annotate
the hard copy data summary report printout sumnmgyizany suspect operating
conditions or unreasonable data values. The fighévisor (or project manager) and the
local network operator will be immediately contatt® investigate and resolve any
suspect or uncontrolled operating conditions.

8.1.5.4 Data review shall occur no more than four daysrafample acquisition because of
weekends and holidays.

8.1.6 Restoration
Ensure all documentation is complete.

8.1.7 Documentation

Hard copy printout of daily data summary reporiscl(ding annotations, if any) archived by the
Data Manager.

8.2 DATA REDUCTION PROCEDURES

8.2.1 General Requirements

8.2.1.1 Purpose and Scope

The purpose of this procedure is to provide docuateEm and instruction for reducing
meteorological data according to standard methajikedo

8.2.1.2 Frequency
Data are reduced on a monthly basis.

8.2.1.3 References

Quality Assurance Handbook for Air Pollution Measment Systems: Volume 1V,
Meteorological Measurement Systems, EPA-454/B-08-00arch 2008;

8.2.1.4 Equipment and Materials

None

8.2.1.5 Procedure

a) The basic reduced data are averaged over a pefiddhour. Precipitation data,
however, are the summed (total) precipitation farhehour.
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At least 45 minutes of valid data during each howst be available to report a 1-
hour average.

Each averaging period is identified by the begigrtime of the period.

Time must always be reported as local standard time

On a (minimum) monthly basis, all documentation fietd quality-control checks
performed in the previous month is shipped to Eplan Consulting's Data
Management Department in Wayne, NJ. The digitah dathich are automatically
polled each day) are reviewed for validity and oeableness via comparison against
documented quality control (QC) check results, irmusite check results, and any
Non-Conformance/Corrective Action (NC/CA) Reportelevant audit and/or
System Performance Test results.

An accounting of all hours is made, with any migstlata appropriately designated.
Any hours incorporating a test, calibration, manatece or preventive maintenance
that adversely affect the data, as well as datanddenvalid due to a known, well-
documented cause (e.g., sensor malfunction, poutages, etc.) are removed from
the data set and replaced with EPA-designateddat#l codes. In all cases, any hour
removed from the data set, for any reason, mussuiestantiated with a well-
documented reason.

Data losses greater than six consecutive hoursbeillocumented by the network
operator in the site logbook, and on the routine sheck form (Form 6-1). Also, a
Non-Conformance/Corrective Action Report Form misstcompleted (See Section
9.3 in this document).

All meteorological parameters except precipitatieegtor-averaged horizontal wind

direction, vector-averaged horizontal wind speed #re standard deviation of the

wind direction (sigma theta) are calculated from thstantaneous sample values
using arithmetic (scalar) averaging functions restdn the Campbell Scientific data

logger firmware.

Vector-averaged horizontal wind direction and veeteeraged wind speed are
calculated internally by the data logger using itiantaneous sample values (1-
second sample rate) and an EPA-approved vectoaginer algorithm.

Sigma theta is calculated internally by the on-gsia logger based on 900
instantaneous wind speed and wind direction vasaespled every 15 minutes. The
four resulting 15-minute sigma theta values are theeraged by the data logger to
produce the hourly-averaged sigma theta value.

Wind direction data are reported in degrees of attinf) from true north resolved to
the nearest whole value using conventional aritttmetunding conventions. All
horizontal wind direction averages indicating tnggth are reported as 360 degrees,
not O degrees.
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[) Wind speed data are reported in meters per seaorg) @nd are resolved to the
nearest tenth using conventional arithmetic rougdionventions.

m) For hours during which the average horizontal wspded is less than 0.45 m/s (1.0
mph), both the wind speed and corresponding winection data are designated as
"calm”.

n) Temperature and temperature differenaeT] data are reported as hourly block-
averages scaled in degrees Celsius (°C) resolvedheo nearest tenth using
conventional arithmetic rounding conventions.

0) Relative humidity data are reported as hourly blackrages scaled in percent (%)
resolved to the nearest tenth using conventiorinaetic rounding conventions.

p) Barometric pressure data are reported as hourlgkidwerages scaled in millibars
resolved to the nearest whole value using conveaticarithmetic rounding
conventions.

g) Solar radiation data are reported as hourly blogkages in watts per square meter
(W/m?) resolved to the nearest whole value using comweait arithmetic rounding
conventions.

r) Precipitation data are calculated internally in ¢imesite data logger and are reported
as hourly block values representing the total lfexdétic sum) precipitation for that
hour in inches resolved to the nearest hundredtlanoinch using conventional
arithmetic rounding conventions.

Restoration

Be sure all documentation is complete.

8.2.1.7

8.3
8.3.1

Documentation

Hard copies of raw data downloaded from on-site [jEh annotations, as applicable).

Hard copies of reduced data from data processiftigga@ output (with annotations, as
applicable).

DATA PROCESSING PROCEDURES

Purpose and Scope

The purpose of this procedure is to provide docuateEm and instruction for processing data
collected via the PC and Campbell Scientific “Loddet” software to be prepared for reporting.
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Freguency

Data are processed on a monthly basis.

8.3.3

8.3.4

8.3.5

8.3.5.1

8.3.5.2

8.3.5.3

8.3.5.4

References

Data Processing Manual (Air Quality Monitoring Bsion); and
Campbell Scientific “LoggerNet” User Manual.

Equipment and Materials

A personal computer (PC) located in the Envirop@onsulting Data Management
Center running the following software:

Campbell Scientific “LoggerNet” proprietary dataopessing and reporting software.
Microsoft Excel™ or other commercially available spreadsheet-tygfasre.

Instructions

Within the first ten working days of each monthdata technician will access the digital
electronic file of raw data collected at one momitg station during the previous month
and develop an initial data report, which is subeatly reviewed by the data technician
for completeness.

The initial hard copy data report is then revievigdthe Data Manager or trained data
technician and corrections/additions are made aslate This review consists of
comparing the data against the field documentatinod corresponding raw data to
identify periods of missing or non-representativegagd as defined by anomalous or
uncharacteristic patterns, any suspect or unsetiisfa instrument operating status
indications, out-of-control QC check results, caiibpn and audit results, or other
significant events (e.g., power outages at theositastrument maintenance, etc.).

Review of raw data includes all 1-minute data rdedrduring the reporting period for

each parameter. The 1-minute data are reviewedadedstime-series values graphically
displayed on a PC monitor using the LoggerNet saféw This review is analogous to

review of continuously-recorded strip chart dateasimuch as anomalous or erratic
values of short-term duration are more readily {diable. Periods of suspect time-series
data are subjected to additional scrutiny and exatlifor possible monitoring system
fault conditions or unusual events during the dafedation process (refer to Section 8.4
below).

Based on the preceding review, the initial hardycdata report is annotated for any
required corrections by the data technician. Kubmitted to the Data Manager or her
designee, who will enter any indicated correctionte the data processing file or flag
suspect data for further review. (Note: the originacorrected raw data file cannot be
altered and is retained and archived).
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8.3.5.5 A new hard copy of the corrected data report isegeted and provided to the data
manager or designated data technician for furteelew and to verify any corrections
made to the data processing file.

8.3.5.6  Steps 8.3.5.2 thorough 8.3.5.5 are iterative tinéilData Manager receives a report that
is initialed as "ready for QA review".

8.3.5.7 The "ready for QA review" data report is then give the Quality Assurance Section for
review. (See Section 8.4 for data validation pdores).

8.3.5.8  After review, any further corrections, and finalpapval of the data by the Quality
Assurance Section, the final monthly data are naa@éable for submittal to the client
and/or agency charged with oversight authority toe monitoring program in the
approved data reporting format.

8.3.6 Restoration
None

8.3.7 Documentation

Initial, all intermediate and final hard copiesdaifta reports (with annotations, as applicable)esig
and dated by relevant Data Management Departmeasbmeel and quality assurance personnel,
returned to the Data Manager for archival.

8.4 METEOROLOGICAL DATA VALIDATION

This section presents the procedures used to tali@teorological data. These procedures are
handled completely independent of initial data exdibn. The Data Manager is responsible for
ensuring that all data is validated before release.

8.4.1 Purpose and Scope

The purpose of this procedure is to provide docuatgm and instruction to ensure that all hourly
data is verified as being valid before it is rebhsThe purpose of data validation is to detect and
remove from the reported data any values incomgistéth Measurement Quality Objectives
(MQOs) established for the monitoring project (préged in Table 1-4 in Section 1 of this
document) and by extension, data that are not septative of actual meteorological conditions at
the monitoring station.

Data validation procedures are handled completedgpendent of initial data collection activities.
Personnel responsible for data validation are mettly involved with data collection.

8.4.2 Frequency

Routine data validation is performed on a montfagib.
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References

» Historical data sets

* Raw, all intermediate and “ready for final” metelogical data reports (hard copies).
e Completed Routine Site Checklist forms.

* NC/CA Reports

* Meteorological Audit and/or System PerformanestTresults.

Equipment and Resources

« All reference materials from Subsection 8.4.3 above
« PC running Campbell Scientific LoggerNet software

Instructions

Hard copies of the processed digital data (withremtions and annotations entered, as
applicable) and corresponding digital electroni¢dadéiles are reviewed by quality
assurance personnel for incorrect or suspiciousegalA number of objective tests may
be applied to the data set during this step, inotud

» Gross Limit Checks - Upper and lower limits asveloped for each meteorological
parameter by examining historical data.

» Parameter Relationship Test- This test involvesmparison between two or more
related parameters.

A decision is made on whether questionable vakres valid. These decisions are
reached by:

* Review of Routine System Checklists submitted kg $ite operator, site logbook
entries and previous calibration or system perforcedest data. This documentation
includes information about calibrations, systemrapenal status and monitoring
site activities.

» Comparison of the data with corresponding dataectéd at a nearby monitoring site
or by the National Weather Service.

» Consultations with the site field operator regagdmonitoring system operations
and observations.

* The field operator may be instructed to perfornifAas Found” system performance
(unadjusted calibration) test as described in 8edD in this document the resulting
test data evaluated for conformance with acceptaniteria. The “As Found”
calibration test data may support correcting afféctlata for bias based on a
guantifiable, linear correlation relationship betme Expected and Observed
calibration test values.

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 65 of 115

* In the event that an intermittent fault conditisridentified, affected data values may
be selectively invalidated (and unaffected valugledated for reporting) if it can be
demonstrated that: 1.) Intervals in the data redonravhich the intermittent fault
condition occurred can be clearly and unambiguodsfgrentiated from intervals
during which the fault was absent; and 2.) The maoimg system’s performance was
unaffected for all intervals in which the fault ction was absent. Decisions of this
nature require documentation of Investigative Agsian the field and identification
of an Assignable Cause of the intermittent faultvesl as consultations with
technical staff familiar with the instrument.

8.4.5.3 The QA reviewer provides any further correctiond avisions made as a result of the
above steps with supporting documentation to thta Ddanager or designee. These
corrections and revisions are then integratedtimadata files and the data reprocessed.

8.4.5.4 The final printouts are then checked against tireotated, previous data files to ensure
that any corrections and revisions were correctiglen The final printout is then signed
"Ready for Final" by the Data Manager, and the daathen released for inclusion in
the data report.

8.4.6 Restoration
Ensure all documentation is complete

8.4.7 Documentation

The Data Manager will be responsible for archivimg data, which include:
» All meteorological monitoring program field docunteton.

» All meteorological monitoring program data hard iesp(including raw data logger data,
summary reports and annotations, as applicable).
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9. DATA REPORTS AND NON-CONFORMANCE/CORRECTIVE
ACTION REPORTS

9.1 METEOROLOGICAL DATA REPORTS

9.1.1 Interim Data Reports

Upon request received from the client or its assi(gng., a designated consultant), Enviroplan
Consulting will prepare and submit an Interim DRegport consisting of tabular listings of hourly
and/or 1-minute data averages of all meteorologieabmeters collected during a time interval
defined by the client or its assigns.

Interim Data Reports will be electronically transien to the client or its assigns via email as soon
as practicable following receipt of the report resfu The submitted data will be formatted as
tabular data listings with date and time fieldsmelectronic digital spreadsheet file (i.e., EXEpl
Data that have been fully processed and validat#idbe identified. Data that have yet to be
processed and validated will also be identified.

9.1.2 OQuarterly Data Reports

Quarterly data reports will be submitted to thesmdiwithin 45 days following the end of each
quarterly reporting period as an electronic diggpteadsheet file (i.e., ExcBl). A CD ROM
containing the data report will be provided upomuest. Quarterly Data reports will include
summary listings of hourly data values collected éach meteorological parameter during the
calendar quarter reporting period. EPA Aerometnfoimation Retrieval System (AIRS) reason
codes will be entered in any field representingsimig or invalidated data values.

Quarterly data reports will include:
» Meteorological data summaries on a monthly basis.
* A quality assurance (QA) report consisting of ralecalibration results, data recovery rates
and explanations of missing data periods, and tefoim independent performance and

systems audits.

« horizontal wind speed measurements as tabular yhblock-averaged data reported in
meters per second (m/s) rounded to the nearest aéat mph.

« horizontal wind direction measurements as tabuilaurly block-averaged data reported in
degrees of azimuth rounded to the nearest wholeedeg

« sigma theta measurements (i.e., the standard deviaf the wind direction) as tabular,
hourly block-averaged data reported in degrees.

+ vertical wind speed measurements as tabular, hblobk-averaged data reported in meters
per second (m/s) rounded to the nearest tentmydta
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+ sigma W measurements (i.e., the standard deviafotine vertical component of wind
speed) as tabular, hourly block-averaged data teghan mph.

« ambient air temperature and temperature differemeasurements as tabular, hourly block-
averaged data reported in degrees Farherfi®itqunded to nearest tenth of a degree.

- Relative humidity measurements as tabular, houdgksaveraged data reported in percent
(%) rounded to the nearest whole percent.

- Precipitation measurement data reported as talhdar]y inches of rainfall rounded to the
nearest one-hundredth of an inch.

- Solar radiation measurements as tabular, hourlgkkdweraged data reported in watts per
square meter (W/frounded to the nearest whole Vf/m

- Barometric pressure measurements as tabular, hblati-averaged data reported in
millibars (mb) rounded to the nearest whole mb.

Monthly and quarterly data recovery rates and exgilans of missing data periods will also be
summarized. The results of monitor performance khedll be included and discussed with respect
to their conformance with applicable accuracy diyes. Finally, the report will contain copies of

the various quality assurance check forms complei@ihg the current reporting period (i.e.,

calibrations and independent performance and sysaeiits).

9.2 NON-CONFORMANCE/CORRECTIVE ACTION REPORTS

A Non-Conformance/Corrective Action (NC/CA) Repsitould be produced in the event of any
deviation of operations or performance of any unskent which may affect the validity of data
being collected by the monitoring system. This udels calibration equipment, data acquisition
systems, etc. Some examples of events warrantilfNCAGA report are:

» Established control limits for QC checks exceedeedfér to Tables 1-2, 1-3 and 4-1 in
this document);

* Monitoring equipment and/or support equipment maifions;

* Improper procedures used during calibrations oratms;

» Power outages of more than a few minutes duraéind;

» Missing or insufficient data documentation.

NC/CA reports may be generated by any member gbtbgect team shortly following discovery of
a problem or suspected problem. NC/CA reports areegted as an email with a distribution list
that includes each project team member. At a mimpthe distribution list will include the Project
Manager, the Data Manager, the Quality Assurancerddaator, field supervisory personnel, the
Field Operator and all data technicians.

When a NC/CA report is first generated, the Fieldeftor is typically instructed by a senior
project team member to make an unscheduled emerger@ntenance visit to the affected
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monitoring site to investigate the problem, detewran Assignable Cause and resolve the problem
as quickly as practicable. The Field Operator hdBcgent technical skills and knowledge of the
monitoring system and instruments so as to betalperform basic trouble-shooting to identify the
fault. Depending on the complexity of the probleaime Field Operator may request and receive
technical support during this process from a selionitoring Engineer.

If the affected instrument is still operationaletlirield Operator will perform an “As Found”
calibration to characterize and quantify any biatsoduced into the measurement system prior to
performing any corrective maintenance. The Fielcei@r will then calibrate the measurement
system following completion of any maintenance.

The process of investigating and resolving a Nonf@mnance event may require more than a one
day. Each time a project team member performs amipraor obtains additional information
pertinent to the Non-Conformance event, the prdjeatm member will update the NC/CA email
with a concise summary of the action(s) taken anaddlitional information obtained. The project
team member will accomplish this update using tRepgly All email function, thereby ensuring
continued distribution to all relevant project teanembers of the updated NC/CA Report. This
process is iterative until the Non-Conformance évsrfully identified, resolved and associated
impact on the data set understood and documentibe INC/CA Report (a single email document).

Each NC/CA email report will include:

» A concise description of the problem;

* Time and date of discovery and who made the disgove

* Identification of any malfunctioning equipment oonitoring instrument;

» Parameter(s) affected and a preliminary indicatbulata status (e.g. valid, suspect or
invalid);

* Begin and End times and dates of the problem;

» Actions taken to investigate and diagnose the prabl

» Identification of any “As Found” calibration or germance test data obtained prior to
implementing corrective maintenance;

» A description of corrective maintenance performed ather actions taken (including
calibration) to restore the system to normal openat

* An assessment of the impact of the NC/CA event ata dalidity, including any
additional data review or validation measures anepiipment maintenance procedures;

» Identification of individuals who performed the iacis taken above;

* An assessment of the impact on network operatindgecommendations as appropriate
for preventative measures against future recurrence

NC/CA reports will be reviewed by the Data ManagemBepartment and Quality Assurance
personnel in conjunction with data review and \atimh. The field operations supervisor and
Project Manager will review NC/CA Reports to confifinal resolution of the problem. The Project
Manager will archive each completed NC/CA reportairdesignated folder in the Local Area
Network for the Enviroplan Consulting Monitoring\igion.
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10. INDEPENDENT METEOROLOGICAL AUDITS AND SYSTEM
PERFORMANCE TESTS

Two types of audits will be conducted on the metkgical measurement system: 1) a systems
audit (see procedures presented in Subsection 48dLP) a performance audit (see procedures
presented in Subsection 10.2) Systems auditdgg@n independent, qualitative check of the
degree to which monitoring program activities confoto the approved Quality Assurance
Project Plan (QAPP); how well it is being impleneghtand how evidence of the network
operator's actions is kept. Performance auditgigeoan independent, quantitative assessment
of measurement system and data accuracy.

All audits are performed by personnel who are rssioaiated with the routine calibration and
operation of the monitoring system. All calibratitest equipment used for an audit is different
from that normally used for routine calibrationstla¢ site and is referenced to NIST or other
authoritative standards where applicable.

Performance audits are conducted using the syserfiormance test procedures outlined in
Subsection 10.2These procedures are also utilized to assess sysgiormance in conjunction
with corrective maintenance occasioned by senshuréor malfunction Accordingly, Sections

5 (Calibration) and 7 (Preventive and Correctiveirienance) reference these test procedures
for assessing data accuracy when the operaticataissof the sensors is suspect, or when sensor
failure requires repair or replacement.

10.1  SYSTEMS AUDIT PROCEDURES

10.1.1 Purpose and Scope

The purpose of this procedure is to provide docuatem and instruction for checking the
overall conformance of the meteorological measurgmgystem to the QAPP and the
performance of the network operator(s).

10.1.2 _Frequency

A Systems Audit will be conducted within 30 daysstdtion start up and at six months intervals
thereafter.

10.1.3 References

e Quality Assurance Handbook for Air Pollution Meamment Systems: Volume 1V,
Meteorological Measurement Systems, EPA-454/B-08-80arch 2008;

 Ambient Monitoring Guidelines for Prevention ofg8ificant Deterioration (PSD),
EPA-450/4-87-007, May 1987; and

» Climatronics Corp. System Engineering Manual
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10.1.4 Required Equipment and Materials

Form 10-1: Meteorological Systems Audit Checklash @xample of this form can be found at
the end of Section 10).

10.1.5 Instructions

a) Check chronological site logbook for dates of Meddagical QC checks performed
since the last audit. Make sure that they aregopérformed on schedule and entered
properly in the site logbook.

b) Check chronological site logbook for dates of moétimaintenance for each
instrument. Make sure that maintenance is beimfppeed on schedule and entered
properly in the site logbook.

c) Check chronological site logbook for average fremyeof routine system checks.
Make sure that they are performed at least oncevpek and entered properly in the
site logbook.

d) If possible, interview the site field operator regjag calibration and maintenance
procedures followed.

e) Check exposure of the sensors to see that thensysiaforms to the siting criteria
outlined in Section 2 of this document.

f) Review all documentation for completeness. Enshaeroutine site check forms are
completed, at a minimum, once per week.

g) Review any recent NC/CA reports that have been tetexb or are in progress. Note
and describe any currently unresolved problems witinitoring system operation.
Note and describe if corrective actions have obaiag implemented.

h) Complete Form 10-1 and note any problems or obS8ensmin comment section.
Also note the audit event in the chronological Bgbook.

10.1.6 Restoration
Ensure all documentation is complete.

10.1.7 Documentation

Form 10-1: Meteorological Systems Audit Checklgegented at the end of Section 10).
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10.2 METEOROLOGICAL MONITORING SYSTEM PERFORMANCE TEST
PROCEDURES

10.2.1 Horizontal Wind Speed System Performancl est

10.2.1.1 Purpose and Scope

The purpose of this procedure is to provide insionc for conducting authoritative tests
designed to assess the accuracy and performarnhbe eftire horizontal wind speed monitoring
system. This procedure also provides instructionsidbcumenting and evaluating the test results.

Implementation of this procedure by an independetitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit on
the wind speed measurement system. This procéslaleo used for assessing the measurement
system accuracy when the operational status ohdhigontal wind speed sensor is suspect, or
when sensor failure requires repair or replacement.

10.2.1.2 Frequency
Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7, "Preventive and Corrective Maintenanae"Part 3 of this document for further
guidance on conducting system performance testsnjunction with corrective maintenance on
the sensor.
10.2.1.3 References

» Refer to Section 10.1.3 for a listing of references

10.2.1.4 Test Equipment

* NIST-traceable frequency counter with 0.01 secH@0@esolution and an accuracy of
+1 countl! time base uncertainty.

» Certified variable speed or synchronous anemonakitee motor(s) with an accuracy
of £1 RPM at (minimum) 300 and 600 RPM.

» Laptop PC with serial data cable (used for obtgrefectronic files of the test data
during or immediately subsequent to the performaesg.

10.2.1.5 Procedure for Wind Speed System Performance Test
a) Enter start of test (date, time, and initials) anr 10-2 and in the site logbook.

Indicate whether the performance test for wind dpggstems is a performance
audit or unscheduled system calibration test bykihg the appropriate space at
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the top of Form 10-2. If the performance testas an audit, explain the reason
for the test in the "Comments" section at the bott§ Form 10-2.

If the monitoring system incorporates a digitaladatquisition system (DAS),
provide the proper status information indicatingtteither an audit or system
performance test, as applicable, is being perforametithat the data must not be
entered into the monitored data base. Record e tiocal Standard Timethat
the data channels were marked off-line in the sparmvided on the Audit
Form(s) and in the site logbook entry for that day.

Access the horizontal wind speed sensor. Reféhdanstructions provided in
Section 7.1.1, Step 2 of this document for accegssie horizontal wind speed
sensor on the meteorological tower.

Remove the anemometer cup assembly according to ntheufacturer's
instructions. The complete absence of rotation hif sensor hub and shaft
represents dead calm conditions. Record dbeesponding DAS response (in
engineering units) in the spaces provided in the FAund" section on Form 10-2
under "System Test Results". Subtract the targgtorese (i.e., 0.3 mph) from the
DAS engineering unit response to compute the €manph). Record the error in
the space provided in the "As Found" section omF&0-2 under "System Test
Results".

Attach the certified anemometer drive motor todhemometer cup shatft to rotate
the sensor’s shaft at a minimum of two (and préfigrahree) simulated wind
speeds (e.g., 16.3, 32.0, and/or 47.8 mph). Refdre manufacturer’s published
transfer function for the wind speed sensor to rd@tee the required rotational
rates for simulated wind speeds. (For the Clinmat® F-460 wind speed sensor
300 RPM = 16.3 mph; 600 RPM = 32.0 mph and 900 RPM.8 mph).

The motor should be run until a stable responsedoch simulated wind speed is
obtained. Record theorresponding DAS response (in engineering unaisgéch
simulated wind speed in the spaces provided if'AlseFound” section on Form
10-2 under "System Test Results".

Subtract the expected (target) value (in m/s) ftbenDAS response to compute
the error for each test condition. Record eachrgromnding to the nearest tenth
of an m/s) in the spaces provided in the "As Fowettion of Form 10-2, under
"System Test Results".

Perform a sensor bearing torque check as desdnifeection 7.1.1, Step 5 in this
document. Record the torque check result in the FAund" space provided on
Form 10-2. Provide documentation of the beariqgacement date, as well as
the next replacement due date, in the "As Foundtepprovided on Form 10-2.

Evaluate the sensor starting torque and bearingter@nce status in accordance
with the criteria and maintenance requirementsrdsst in Section 7.1.1, Step 6.
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If preventive or corrective maintenance is requirexfer to Step 7 in Section
7.1.1, and follow the procedure for sensor mairmeaadescribed in that step. If
maintenance consists of sensor replacement, rekerceplacement sensor serial
number (S/N) in the designated spaces provideddariAs Left" sections of Form
10-2. If the original sensor is returned to sexViicllowing maintenance, record
that sensor S/N in the appropriate spaces in tlseL&t" sections on Form 10-2.

i) Evaluate the "As Found" System Test Results obdaimeonjunction with Steps
b and c above with the acceptability limit for ma&@snent system accuracy
below:

Acceptability Limit For Wind Speed System Performarce Test Resultswind
speed error should not exceed £0.2 m/s (£0.44 mph).

j) If each of the System Test errors obtained in S)epbove is within the
acceptability limits for horizontal wind speed mea&snent accuracy, and no
maintenance or adjustment was required or perforonetthe sensor following the
completion of "As Found" Performance Tests, thesctped to 10.2.1.6 ("System
Restoration™) below.

k) If any of the System Test errors exceeds the aabépy limits for accuracy
stated abovepr if any maintenance was performed which might afféwe
performance of the sensor (including replacementth& sensor or sensor
bearings), then repeat the System Performance destsibed in Steps d) through
h) above and record these test results in Azel'eft section on Form 10-2 under
"System Test Results".

[) Evaluate all As Left System Test results by comparing the "As Leftoes with
the acceptability limits for accuracy above. léttAs Left” System Test results
are within the acceptability limits for horizontalind speed accuracy, then
proceed to 10.2.1.6 ("System Restoration") belo¥f.any error exceeds the
acceptability criteria for accuracy, investigatditml the cause of the problem and
establish a plan of action to promptly correct thadition. Satisfactory System
Test results must be obtained before the probleambeaconsidered successfully
resolved and valid wind speed data collection restim

10.2.1.6  System Restoration

a) Remove all test equipment utilized in the perforogaaf this procedure.

b) Replace the anemometer cup assembly. If only tihe speed system is being
performance-tested, restore the meteorological t@md secure it in the upright
position by reversing the procedure described icti®e 7.1.1, Step 1 (as
applicable).

c) If the monitoring system incorporates a digitaladacquisition system (DAS),
provide the proper status information indicatingttivalid data is again being
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collected. Record the timé.dcal Standard Timethat the data channel(s) were
returned on-line in the space provided on the Aulitm(s) and in the site
logbook entry for that day.

d) Enter the time that the wind speed system was regstto normal operation on
Form 10-2, in the site logbook, providing a predisge reference for data review
personnel.

e) Ensure all documentation is complete and that a#asurement system
components are functioning normally.

10.2.1.7 Documentation (presented at end of Sectid0)

» Performance Test Data for Horizontal Wind Speed sdeament Systems (Form 10-
2).

» Meteorological Audit Standards and Equipment (Faf¥10).
* Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any test results
which exceeded acceptability limits. Refer to S®tt9.2 in this document for

instructions regarding NC/CA reports.

10.2.2 Vertical Wind Speed System Performandest

10.2.2.1 Purpose and Scope

The purpose of this procedure is to provide instonc for conducting authoritative tests
designed to assess the accuracy and performantte @ntire vertical wind speed monitoring
system. This procedure also provides instructionsibcumenting and evaluating the test results.

Implementation of this procedure by an independeitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit on
the wind speed measurement system. This procéslateo used for assessing the measurement
system accuracy when the operational status ofg¢heeal wind speed sensor is suspect, or when
sensor failure requires repair or replacement.

10.2.1.2 Frequency

Performance audits should be conducted at leasasanally following station startup. System

performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7, "Preventive and Corrective Maintenanae"Part 3 of this document for further

guidance on conducting system performance testsrijunction with corrective maintenance on
the sensor.

10.2.1.3 References
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Refer to Section 10.1.3 for a listing of references
Test Equipment

NIST-traceable frequency counter with 0.01 secM@@esolution and an accuracy of
+1 count[] time base uncertainty.

Certified variable speed or synchronous anemonaktee motor(s) with an accuracy
of £1 RPM at (minimum) 300 and 600 RPM.

Laptop PC with serial data cable (used for obtgretectronic files of the test data
during or immediately subsequent to the performaesg.

Procedure for Vertical Wind Speed System Performane Test

m) Enter start of test (date, time, and initials) @ik 10-3 and in the site logbook.
Indicate whether the performance test for vertiséthd speed systems is a
performance audit or unscheduled system calibratest by checking the
appropriate space at the top of Form 10-3. Ifpgormance test is not an audit,
explain the reason for the test in the "Commengstisn at the bottom of Form
10-2.

n) If the monitoring system incorporates a digitaladatquisition system (DAS),
provide the proper status information indicatingtteither an audit or system
performance test, as applicable, is being perforaretithat the data must not be
entered into the monitored data base. Record e tiocal Standard Timethat
the data channels were marked off-line in the sparmvided on the Audit
Form(s) and in the site logbook entry for that day.

0) Access the wind speed sensor. Refer to the inginscprovided in Section 7.1.1,
Step 2 of this document for accessing the wind &pseensor on the
meteorological tower.

p) Remove the anemometer cup assembly according to ntheufacturer's
instructions. The complete absence of rotation hef sensor hub and shaft
represents dead calm conditions. Record dbeesponding DAS response (in
engineering units) in the spaces provided in the FAund" section on Form 10-3
under "System Test Results". Subtract the targgtorese (i.e., 0.3 mph) from the
DAS engineering unit response to compute the €manph). Record the error in
the space provided in the "As Found" section omFd0-2 under "System Test
Results".

g) Attach the certified anemometer drive motor todhemometer cup shaft to rotate
the sensor’s shaft at a minimum of two (and préfigrahree) simulated wind
speeds (e.g., 4.2, 8.4, and/or 12.6 mph) in thekalse direction. Refer to the
manufacturer’s published transfer function for wiad speed sensor to determine
the required rotational rates for simulated win@exfs. (For the Climatronics

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



)

Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 76 of 115

102236 vertical component wind speed sensor 300 RRM2 mph; 600 RPM =
8.4 mph and 900 RPM = 12.6 mph).

The motor should be run until a stable responsedoch simulated wind speed is
obtained. Record theorresponding DAS response (in engineering unaisgéch
simulated wind speed in the spaces provided irf AlseFound" section on Form
10-3 under "System Test Results".

Repeat Step g. rotating the sensor’s shaft in dh@ter-clockwise direction.

Subtract the expected (target) value (in m/s) ftbenDAS response to compute
the error for each test condition. Record eachrgromnding to the nearest tenth
of a m/s) in the spaces provided in the "As Fouselttion of Form 10-3, under
"System Test Results".

Perform a sensor bearing torque check as desdnifeection 7.1.1, Step 5 in this
document. Record the torque check result in the FAund" space provided on
Form 10-2. Provide documentation of the bearingacement date, as well as
the next replacement due date, in the "As Foundtepprovided on Form 10-3.

Evaluate the sensor starting torque and bearingter@ance status in accordance
with the criteria and maintenance requirementsrdest in Section 7.1.1, Step 6.
If preventive or corrective maintenance is requirexfer to Step 7 in Section
7.1.1, and follow the procedure for sensor maimeaadescribed in that step. If
maintenance consists of sensor replacement, rekerceplacement sensor serial
number (S/N) in the designated spaces provideddriAs Left" sections of Form
10-3. If the original sensor is returned to sesViicllowing maintenance, record
that sensor S/N in the appropriate spaces in tlsel&it" sections on Form 10-3.

Evaluate the "As Found" System Test Results obdaineonjunction with Steps
b and c above with the acceptability limit for me@snent system accuracy
below:

Acceptability Limit For Wind Speed System Performarce Test ResultsWind
speed error should not exceed +0.2 m/s (0.44 mph).

If each of the System Test errors obtained in S)epbove is within the
acceptability limits for wind speed measuremenuaacy, and no maintenance or
adjustment was required or performed on the seiofiowing the completion of
"As Found" Performance Tests, then proceed to 1®.2"'System Restoration")
below.

If any of the System Test errors exceeds the aab#ipy limits for accuracy
stated abovepr if any maintenance was performed which might affdée
performance of the sensor (including replacementthef sensor or sensor
bearings), then repeat the System Performance destsibed in Steps d) through
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h) above and record these test results in Azeleft section on Form 10-3 under
"System Test Results".

Evaluate all As Left System Test results by comparing the "As Leftoes with
the acceptability limits for accuracy above. léttAs Left” System Test results
are within the acceptability limits for wind speedcuracy, then proceed to
10.2.1.6 ("System Restoration”) below. If any erexceeds the acceptability
criteria for accuracy, investigate to find the caws the problem and establish a
plan of action to promptly correct the conditioBatisfactory System Test results
must be obtained before the problem can be comsldarccessfully resolved and
valid wind speed data collection resumed.

10.2.1.6  System Restoration

10.2.1.7

10.2.2

10.2.2.1

f)
9)

h)

)

Remove all test equipment utilized in the perforoeaaf this procedure.

Replace the anemometer cup assembly. If only ihd wpeed system is being
performance-tested, restore the meteorological t@md secure it in the upright
position by reversing the procedure described icti®e 7.1.1, Step 1 (as
applicable).

If the monitoring system incorporates a digitaladatquisition system (DAS),
provide the proper status information indicatingttiwalid data is again being
collected. Record the timé.dgcal Standard Timethat the data channel(s) were
returned on-line in the space provided on the Aulitm(s) and in the site
logbook entry for that day.

Enter the time that the wind speed system was regbtto normal operation on
Form 10-3, in the site logbook, providing a predisge reference for data review
personnel.

Ensure all documentation is complete and that a#asurement system
components are functioning normally.

Documentation (presented at end of Sectidf)

Performance Test Data for Vertical Wind Speed Messent Systems (Form 10-3).

Meteorological Audit Standards and Equipment (F&@0¥1L0).

Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any test results
which exceeded acceptability limits. Refer to S®tt9.2 in this document for
instructions regarding NC/CA reports.

Wind Direction System Performance Test

Purpose and Scope

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 78 of 115

The purpose of this procedure is to provide instonc for conducting authoritative tests
designed to assess the performance and accuraleg ehtire wind direction monitoring system.
This procedure also provides instructions for doentimg and evaluating the test results.
Implementation of this procedure by an independemtitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit on
the wind direction measurement system. This preeeds also used for assessing the

measurement system accuracy when the operatioalssbf the wind direction sensor is
suspect, or when failure requires repair or reptend of the sensor.

10.2.2.2 Frequency

Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7 (Preventive and Corrective Maintenannebhis document for further guidance on
conducting system performance tests in conjundtiitim corrective maintenance on the sensor.
10.2.2.3 References

Refer to Section 10.1.3 above for a list of refesmn

10.2.2.4 Test Equipment

» Laptop PC with serial data cable (used for obtgrefectronic files of the test data
during or immediately subsequent to the performaesg.

» Climatronics Azimuth Linearity Test Fixture (P/N1{b4).

* NIST-traceable torque measurement device with ammim accuracy ok 5% of
reading over a range of 3 to 24 gm-cm (e.g., Watergue Watch Model 366-1M).

» Laptop PC with serial data cable (used for obtgrefectronic files of the test data
during or immediately subsequent to the performaesg.

» Climatronics keyed-mount sighting scope (P/N 10)16 authoritative benchmark
or landmark of known azimuth heading relative te theteorological towegr

» Surveyor’s transitor
* High-quality compass (e.g., Brunton “Pocket Trdnsitequivalent).
10.2.2.5 Procedure for Wind Direction System Perfanance Test

a) Enter start of audit (date, time, and initials)Fesrm 10-4 and in the site logbook.
Indicate whether the wind direction performance tesan audit or unscheduled
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system calibration test by checking the appropisgtEce at the top of Form 10-4.
If the performance test is not an audit, explaia teason for the test in the
"Comments" section at the bottom of Form 10-4.

b) If the monitoring system incorporates a digitaladatquisition system (DAS),
provide the proper status information indicatingtth performance test (or audit)
is being performed and that the data must not lberesh into the monitored data
base. Record the timédcal Standard Timethat the data channels were marked
off-line in the space provided on the Audit Formdgad in the site logbook entry
for that day, providing a precise time referenaediata review personnel.

10.2.2.5.1 Wind Direction Crossarm Alignment Check

a) Check the accuracy of the azimuth alignment ofdtossarm (if aligned on the
true north-south axis) or align the sensor’s vaselfi to true north (or south)
using either the solar angle or true solar noorhoteto determine true north, or
using a Global Positioning System device, surveydransit or compass to
determine true north (the latter two methods requorrecting for magnetic
declination at the monitoring site location). Mfete is an existing landmark or
benchmark indicating a known azimuth heading (érge north or south), then
the wind direction alignment may be checked with @limatronics keyed-mount
sighting scope or surveyors transit. Refer to $ach.3.2.1 in this document for
detailed instructions on assessing the ClimatroRid60 crossarm alignment with
respect to true north.

b) Record the accuracy of crossarm alignment relatvérue north (in degrees,
resolving to the nearest tenth of a degree) insfyece provided on Form 10-4.
Observe the convention for polarity of this asses#mf the crossarm orientation
deviates west of true north, the polarity of thee(in degrees) is negative. If the
crossarm alignment deviates to the east of truthntire error is a positive value.

c) Acceptability Limit: The crossarm orientation should be withirf #8true north
(it should be noted that thtetal wind direction measurement system error is
assessed on the basis of the algebraic sum oftbhetbrossarm orientation error
and sensor azimuth response error (see Section 102 .Below). The algebraic
sum of these errompayresult in an acceptable Total WD measurement system
error).

If the crossarm alignment error is > $3the orientation assessment should be
carefully reviewed and checked for correctnesghéf magnitude of alignment
error is confirmed by this re-check, then the caossshould be re-aligned to true
north by following the procedure outlined in Senti®.3.2.1 of this document.
Record the fact that the crossarm was re-aligned, r@cord the “As Left”
measured deviation of the adjusted crossarm otientaelative to true north in
the "Comments" section of Form 10-4 and in the &gbook. Complete a
NC/CA Report to document this event. Refer to $&c.3 in this document for
instructions on NC/CA Reports.
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10.2.2.5.2 Wind Direction Sensor Azimuth Responseh@ck

a) Follow the directions provided in Section 7.1.1e[%PR, for accessing the sensor
on the tower. Remove the vane from the wind dibecsensor in accordance
with the manufacturer's instructions. Ensure thattop hub of the sensor (upon
which the vane hub mounts) is not loosened by kesteghen removing the vane.
Next, remove the wind direction sensor from itsdaygrossarm mounting socket
according to the manufacturer's instructions. dlhghe sensor into the keyed
mounting socket of the Climatronics azimuth lingariest fixture. Plug the
Amphenol signal connector of the test fixture itite crossarm socket normally
occupied by the sensor.

b) Install the precision azimuth (“degree”) wheel lage of the vane, being sure that
it mates correctly with the keyed sensor vane mognhub. The precision
azimuth degree wheel is now a surrogate for theeyvand will be fixed at a
sequence of known azimuth headings. The keyedsemsunting socket of the
linearity test fixture ensures correct positionofghe sensor body relative to the
pointer, which engages the notched azimuth degrheelw The pointer tip
indicates the known azimuth degree heading fosémsor.

c) Sequentially rotate the degree wheel to each oknlogvn azimuth headings (“test
points”) described below. For each azimuth teshipahe tester should wait until
a stable wind direction is observed from the DABe Eorresponding stable DAS
responses (in engineering units) should be recarddte designated "As Found"
spaces in the "System Test Results" section of FAdxh.

IMPORTANT NOTE: Definitive acceptability limits for total wind direction
monitoring system accuracy are set forth in Step below. Steps d through g
below provide suggested tolerance values (refererten parentheses) for
DAS responses for each azimuth test point. Thesadgested tolerances are
typical of a well-maintained system's response tdhése test points. As such,
they provide a useful guideline for sensor adjustnme following any
maintenance.

d) Set the degree wheel at the 90° position and rettwedresultant stable DAS
response (in engineering units) in the designapates provided in the “As
Found” “System Test Results” section of Form 10¥he DAS target response is
ol (+2°).

e) Slowly rotate the degree wheel clockwise to the°180sition and record the
stable DAS actual response as described in Stapal)e. Target response is 180

(x2°).

f) Slowly rotate the degree wheel clockwise to the°2@0sition and record the
stable DAS response as described in Step d) abbamet response is 27@2°).
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g) Slowly rotate the degree wheel clockwise and settihe 0° position. Record the
stable DAS actual response as described in Stepalle. Target response i$ 0
or 360 (x2°).

h) For each azimuth (degree wheel) test point obtainesteps d through g above,
evaluate the total system error by using Equation 3

WD Total Error = (WBas - WDknown) — (Crossarm Bias) Equation 3
Where:

WD Total Error = the total error of the wind dit®on measurement system at
each azimuth test point, in degrees.

WDxynown = the known, or true, value of each azimuth tesihtpas
indicated by the azimuth degree wheel settingeigrees.

WDpas = the observed response of the data acquisitystes to
each azimuth test point, in degrees.

Crossarm Bias = the deviation of the crossarmntation with respect to the
true north-south axis, in degrees. (Note: If thessarm is
aligned west of true north, the crossarm bias vahie
negative; if it is aligned to the east of true horthe
crossarm bias value is_positivRetain these polarities
when resolving Equation).3

Record the total wind direction system measuremeemtr for each azimuth test
point in the designated spaces provided under &g Found” columns in the
“System Test Results” section of Form 10-4.

i) Acceptability Limit: The WD Total Error should not exceed’+H§ each of the
"As Found" System Test errors obtained in conjumctivith Steps a-h above
satisfies the acceptability criteria for wind ditiea accuracy, and no maintenance
or adjustment was required or performed on themeiolowing completion of
all "As Found" Performance Tests, then proceedetian 10.2.2.7 ("System
Restoration™) below.

If the any of the WD Total Error values exceeds, dfivestigate to determine
which of the monitoring system components needsisagiient or corrective

maintenance. Compare the "As Found"” System Pediocen Test responses
recorded on Form 10-4 with the suggested toleravaiees for crossarm
alignment error (+3 and sensor azimuth response %2t should be evident
which system component requires adjustment. R#&deiSection 7 in this

document for instructions and procedures regardiggforming corrective

maintenance on the various instruments.
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10.2.2.5.3 Wind Direction Sensor Starting Torque Céck

a)

b)

Remove the degree wheel from the sensor’'s vane-imguhub and check the

"As Found" sensor bearing torque using a certife@due measurement standard.
This procedure assumes the torque measuremenedesed is the Waters Model
366-1M torque watch. Attach the chuck for the terqwatch to the shaft

protruding from the top hub of the sensor. Gendliytke toque watch pin into the
square depression in the top of the chuck. Slowhkate the torque watch a
complete rotation (369 in both the clockwisend counterclockwise directions

and observe the maximum starting torque indicabimtained for each direction of

rotation. Record the highest force measurementrebdein each direction of

rotation in gm-cm (resolving to the nearest 0.1 @gnj-in the "As Found" torque

check spaces provided on Form 10-4.

Acceptability Limit: The maximum acceptable starting torque for the
Climatronics F-460 wind direction sensor<ds6.0 gm-cm in both directions of
rotation.

The bearing in the Climatronics F-460 wind direstgensor is typically replaced
after approximately six months of continuous uske Tnternal friction in this
bearing is a primary determinate of the sensowstiag torque, however, the
friction of the wiper in the sensor’s potentiometerd other sensor components
also affect the overall starting torque. Refer &ztidn 7.2.1, Steps 4 and 5, for
procedures for performing bearing replacement atteéromaintenance on the
wind direction sensor.

10.2.2.6 “As Left” Wind Direction System Performane@ Tests

If any preventive or corrective maintenance wadgoered that could affect the performance of
the sensor, or if maintenance consisted of repdpthie sensor, then complete “As Left” System
Performance Tests must be performed to assessoanddnt the system performance following
these activities.

a)

b)

If maintenance in the field is accomplished viassenreplacement, record the
replacement sensor serial number (S/N) in the "A&ft ISensor S/N" space
provided in the "System Test Results" section ofr-@0-4. If the original sensor
is reinstalled following field maintenance, rectindt sensor’'s S/N in the "As Left
Sensor S/N" space.

Repeat Step a in Section 10.2.2.5.3 (“Wind Diretti®ensor Starting Torque
Check”) above. Record the "As Left" sensor torquoethie "As Left" bearing

torque check spaces provided on Form 10-4. Alsorcethe date when the “As
Left” sensor bearing was replaced and the “Dueédat future replacement in
accordance with the preventive maintenance scheulaleded in Section 7.2.

Labadie Sulfur Reduction Project QAPP
Standard Operating Procedure



C)

d)

Ameren Missouri Labadie Energy Center
Labadie Sulfur Reduction Project QAPP
Meteorological Monitoring SOP
August 2014, Rev. 0
Page 83 of 115

Repeat Steps b-i in Section 10.2.2.5.2 (“Wind Oimet Sensor Azimuth
Response Check”) above and record these testgestitie "As Left" section on
Form 10-4 under "System Test Results".

If all "As Left" test results satisfy the wind daton accuracy and acceptability
criteria, then proceed to Section 10.2.2.7 ("SysRestoration™) below. If any of

the "As Left" system test errors exceeds the aebdfy criteria, investigate to

find the cause of the problem and establish a pfaaction to promptly correct

the condition. Satisfactory System Performancet Tesults must be obtained
before the problem can be considered successfabplved and valid wind

direction data collection resumed.

10.2.2.7 System Restoration

a)

b)

d)

Remove all test equipment utilized in the penfance of this procedure.

Replace the sensor on the crossarm mountinigesaad the wind vane on the
sensor, being sure that the vane is correctly maigdthe keyed flat section of
the sensor vane-mounting hub.

Check the crossarm position for any visibledewce of change from its normal
(or re-aligned) orientation to true north. (Notke crossarm orientation is
rigidly fixed; any disturbance would require coresiable force applied to the
structure). If the crossarm orientation is disaatprefer to the procedures set
forth in Step c in Section 10.2.2.5 above and mfythe crossarm orientation.

If the monitoring system incorporates a digdata acquisition system (DAS),
provide the proper status information indicatingttialid data is again being
collected. For stations using the Campbell Scien@R-1000 data logger, the
appropriate action is to place the toggle switclihi@ “ON” position and the
system is now ready to resume collection of vakgresentative data.

Record the timeLpcal Standard Timethat the data channel(s) were returned
on-line in the space provided on Form 10-3 ancha dite logbook entry for
that day.

Ensure that all information has been correetiyered on Form 10-4 and record
a summary of the Performance Test results in thenchogical site logbook.
Ensure all documentation is complete.

10.2.2.8 Documentation (all forms are presented #te end of Section 10)

Performance Test Data for Wind Direction Measurengystems (Form 10-4).

Meteorological Audit Standards and Equipment Sunyrsdreets (Form 10-10).
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* Non-Conformance/Corrective Action (NC/CA) Reporicdmenting any exceedance
of acceptability limits for wind direction systenenfiormance tests. Refer to Section
9.2 in this document for instructions regarding 8&/reports.

10.2.3 Ambient Temperature and Temperature Differege (“A-T”) System
Performance Tests

10.2.3.1 Purpose and Scope

The purpose of this procedure is to assess th@rpghce and accuracy of the ambient air
temperature and temperature differensel'§ monitoring systems. This procedure also provide
instructions for documenting and evaluating thet tessults with respect to established
acceptability criteria.

Implementation of this procedure by an independemtitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit on
the temperature measurement system. This procelalso used for assessing the measurement
system accuracy when the operational status oftéhgperature system is suspect, and to
calibrate the system following repair or replacemeh a component that could affect the
accuracy of the measurement system.

10.2.3.2 Frequency

Performance audits should be conducted within 3@ dallowing station startup and at least
semi-annually thereafter. System performance teistalld be performed in conjunction with
station startup and also when a problem with thes@ewhich might affect data accuracy is
suspected or confirmed. Refer to Section 7 (Prixerand Corrective Maintenance) in this

document for further guidance on conducting sysferformance tests in conjunction with
corrective maintenance on the system.

10.2.3.3 References
Refer to Section 10.1.3 above for a list of refee=n
10.2.3.4 Test Equipment

* NIST-traceable digital voltmeter with 0.001 voltsodution and an accuracy of
+0.05% of input £1 digit.

* NIST-traceable reference thermometer(s) with a mmimh accuracy of +0.1°C of
reading and covering a temperature range€’6ftdé 46C with 0.05C resolution.

* An additional NIST-traceable reference thermometgh a minimum accuracy of
+0.1°C of reading and covering a minimum tempemmange of 1% to 30C with
0.05°C resolution.

» Three insulated water containers, minimum 1-quapgcity, Thermos-type.
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Distilled water.

Crushed ice.

Submersible heating element.

Laptop PC with serial data cable (used for obtgretectronic files of the test data
during or immediately subsequent to the performaesg.

Procedure for Ambient Temperature and Temgrature Difference (“A-T")
System Performance Tests

NOTE: The monitoring system incorporates measureémgstems for both ambient air
temperature (measured at 2m AGL) and (measured at 10m AGL). This procedure
presents instructions for conducting performancststefor BOTH the Ambient
Temperature and-T measurement systems concurrently.

10.2.3.5

a)

b)

If the monitoring system incorporates a digitaladacquisition system (DAS),
provide the proper status information indicatingattran audit (or system
performance test, as applicable) is being perforaretithat the data must not be
entered into the monitored data base. For sitegjubie Campbell Scientific CR-
1000 data logger, the appropriate action is togthe status toggle switch in the
“*OFF” position.

Record the start of test (date, time, and initials)Form 10-5, Form 10-6 and in
the site logbook for the parameters undergoing testicate whether the test is a
performance audit or calibration test in the sitgblook and also by checking the
appropriate space at the top of Forms 10-5 and. 1G-éhe performance test is
not an audit, explain the reason for the test | 'tGomments” section at the
bottom of Forms 10-5 and/or 10-6, as appropriate.

Temperature System and Temperature Difference K-T”) Performance Test

a)

b)

c)

d)

Disconnect the 115 VAC power to the aspirator n®iorthe temperature amd
T radiation shield housings.

Refer to Section 7.1.1 (Step 2) of this documentiamplement the instructions to
access the tower-mounted sensors.

Remove theA-T radiation shield housing from the tower (mountgdthe 10m
level), free the associated signal cable from &wy securing it to the tower and
position the shield housing adjacent to the shietdising for the ambient
temperature probe (located at the 2m level ondhert).

Follow the procedure in Section 2.3.3.2 of this woent to remove the
temperature probes from the front opening of tmespective radiation shield
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housings. Keep the electrical connections intamhfthe probe leads to the barrier
strip within each shield housing and all signalllirepleading from the shield
housings to the DAS.

Sustain each of the test conditions described épsSe) through q) below for at
least 6-12 minutes. For operational ambient tentpexaandA-T measurements
systems, complete performance test data must k@nebtand recorded before
performing any adjustments or maintenance on eitheasurement system.
Unadjustedest data are recorded in th&s"Found columns and spaces provided
in the “System Performance Test Results” sectidiaons 10-5 and 10-6.

Fill a thermos with crushed ice and just enoughilltid water to form an ice
slurry mixture. Using rubber bands to hold the terapure probeA-T probe and
reference thermometer closely together (ensureptbbe tips and thermometer
bulb are aligned next to each other). Place thbge@nd reference thermometer
in the container of ice slurry, submerging to atteggual to the immersion line
on the reference thermometer (approximately 3 iscHensure that the probe tips
and thermometer bulb are submerged at the samle leve

While constantly agitating the ice slurry mixtunegnitor the instantaneous DAS
readings (in engineering units) for both the ambiand A-T temperature
channels. After 6-12 minutes, record the followoitserved, stable test values in
the “System Performance Test Results” sections @B 10-5 and 10-6 as
indicated:

» DAS ambient temperature reading (to the neare#ht @ °C) on Form 10-5.
* The reference thermometer reading (to the near@st©) on Form 10-5.

* The reference thermometer reading (to the near®@§°Q) in the spaces
marked “Ambient Reference Temperature” andT* Reference Temperature”
on Form 10-6. (Note: Because both the Ambient Anld probes are in the
same temperature bath, the reference temperatueadh probe is the same).

» DAS A-T reading (to the nearest hundredth of a °C) engbace marked\*T
DAS” on Form 10-6.

Place the probes and reference thermometer insailaiied container of water that
has been allowed to equilibrate at “ambient” terapae (approximately & to
25°C) and obtain and record the stable system nsgsoand corresponding
reference thermometer indication as describedep §} above.

Place probes and reference thermometer in an tesiut@ntainer of hot water that
has been heated and allowed to equilibrate to pdeature within the range of
approximately 35~ 45 C. After ~ 6 to 12 minutes, obtain and record stable
system responses and corresponding reference thest®io indication as
described in Step g) above.
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NOTE: Steps j) through q) below test the accuracy fathe A-T measurement
system response in conditions that produce non-zemd-T target values. All
test data for these steps are recorded on Form 10eBily.

J) Prepare two stable temperature baths in sepat@dises. One bath should be at
“ambient” or “room” temperature (approximately°Csto 25C). The second bath
should be approximately’@ to 4.5°C warmer than the “ambient” bath. Agitate
the baths thoroughly to ensure the water temperasunomogeneous within each
thermos. Verify the specified temperature diffeeemetween the two baths has
been maintained by using two reference thermometare immersed in each
bath.

k) Using rubber bands to hold tlembienttemperature probe and one reference
thermometer closely together (ensure the probe dips thermometer bulb are
aligned next to each other), insert #i@bienttemperature probe and reference
thermometer through the hole in the insulating rtiees cover used in Step j)
above anglace the cover on the warmer thermos b&hsure the probe tip and
thermometer bulb are aligned next to each othersabdherged in the water bath
to a depth of approximately 3 inches.

[) Using the same technique as described in Stepdkjealplace thel-T probe and a
second reference thermometer in the “ambient/rotmmniperature bath.

m) Allow approximately six minutes for the probes amference thermometers to
stabilize at the bath temperature conditions. Whktable values are evident,
record the following test readings in the “Systess{TResults” section of Form
10-6:

* The stable DAS response farT (in engineering units) in the space marked
“A-T DAS".

* The reference thermometer temperature readinghi®ambientprobe bath
(resolving to the nearest 0.66) in the space labeled “Ambient Reference
Temperature”.

* The stable reference thermometer temperature rgdoirtheA-T probe bath
(resolving to the nearest 0.0F®) in the space labeledA‘T Reference
Temperature”.

e Subtract the “Ambient Reference Temperature” valvem the ‘A-T
Reference Temperature” value to obtain theT‘ Target” value (this value
should be approximately -4#0 to -4.5°C). Round this value to the nearest
hundredth of &C and record it in the space label@dT Target”.

n) Prepare two stable temperature baths in separt@dises as described in Step j)
above. This time, however, the warmer bath shoelthdated approximately®
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to 9.5°C warmer than the “ambient” bath. Agitate the batwsoughly to ensure
the water temperature is homogeneous within eastmits. Verify the specified
temperature difference between the two baths igeaetl by using two reference
thermometers, one immersed in each bath.

Using the same technique as described in Step &yealplace theambient
temperature probe and a reference thermometer @ “dmbient/room’-
temperature bath.

Using the same technique as described in Stepdkjealplace thel-T probe and a
second reference thermometer in the warmer-temperaath.

Repeat Step m) above to obtain and record theestAbl DAS” value, “Ambient
Reference Temperature” value, theT Reference Temperature” value, and the
“A-T Target” value (this value should be approximated°C to +9.5°C).

Calculate Ambient Temperature System Errors: Foh @nbient temperature test
point recorded on Form 10-4, subtract the refereaheemometer indication (in
°C) from the corresponding DAS Ambient Temperatumdication (in °C).
Record each resulting difference value in the “&ysError” column on Form 10-
5.

Calculate A-T System Errors: For each test point on Form 18uftract the
“Target A-T Temperature” value (ifiC) from the corresponding observed-T
DAS” value (in°C). Record each difference value {@, rounding to the nearest
hundredth of a degree) in tha-T Error” column in the System Performance Test
Data section of Form 10-6.

Acceptability Limit For Ambient Temperature Test Results: For each ambient
temperature test point recorded on Form 10-5, Sgstem Error” should not
exceed +0.8C. Evaluate the test results obtained in Step ovatagainst this
accuracy acceptance criterion.

Acceptability Limit For A-T Test Results:For eachA-T test point recorded on
Form 10-6, the A-T Error” should not exceed +0Q. Evaluate the test results
obtained in Step s) above against this accuracypd@oce criterion.

If all test results are within the stated accepitgblimits, proceed to Section
10.2.3.6 below.

If any of the System Test errors exceed the acb#jpyacriterion for accuracy
stated in Step t) above, investigate to find theseaof the problem and establish a
plan of action to correct the condition. Satisfagtgystem performance test
results must be obtained before the problem carohsidered resolved and valid
ambient air temperature data collection resumed.
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v) When corrective actions are complete, repeat tinpeeature bath tests described
in Steps e) through t) above. Record these testtsein the “As Left” section of
the “System Test Results” on Forms 10-5 and/or 88-8ppropriate. Describe the
assignable cause of the problem and correctiveractaken to restore the system
accuracy to an acceptable level of performancehé& “Comments” section of
Forms 10-5 and/or 10-6 as appropriate.

System Restoration

a) Re-install the temperature and-T probes in their respective inner shield
assemblies and re-install each assembly into tiatran shield designated for
each probe. (The ambient temperature probe andti@dishield is mounted at
2m AGL on the tower; th&\-T probe and radiation shield is mounted at 10m
AGL on the tower.) If either radiation shield wa&snoved from the tower for the
System Performance Test, re-install it on the tower

b) Restore power to the aspirator motors.

c) Verify both the ambient temperature af€l systems are operating normally or
note any exceptions in the “Comments” section oh#20-5 and/or Form 10-6 as
appropriate. Provide the necessary status infeom#d the DAS to indicate that
the ambient and-T temperature data are to be included in the date. For
stations using the Campbell Scientific CR-1000 datgger, the appropriate
action is to place the toggle switch in the “ON"spgmn and the system is now
ready to resume collection of valid, representatigta.

d) Record the timel(ocal Standard Timethat the data channel(s) was returned on-
line in the space provided on Form 10-4 and irsiteelogbook entry for that day.

e) Ensure all documentation is complete.
f) Remove all test equipment utilized in the perforoeaaf this procedure.

Documentation (examples of all forms aragsented at the end of Section 10)

Performance Test Data for Ambient Temperature Measent Systems (Form 10-5).

Performance Test Data for Temperature Differencaddeement Systems (Form 10-
6).

Meteorological Audit Standards and Equipment sfféatm 10-10).
Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any exceedance

of acceptability limits for ambient temperature teys performance test. Refer to
Section 9.2 in this document for instructions regag NC/CA reports.

10.2.4_Solar Radiation System Performance Tests
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10.2.4.1 Purpose and Scope

The purpose of this procedure is to provide instonc for conducting authoritative tests
designed to assess the performance and accuraitye folar radiation measurement system.
This procedure also provides instructions for doentimg and evaluating the test results.

Implementation of this procedure by an independetitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit of
the dew point measurement system. This proceduaéso used for assessing the measurement
system accuracy when the operational status oBoler radiation sensor is suspect, or when
failure requires repair or replacement of the senso

The only practical method for obtaining a meanihgfssessment of the accuracy of a solar
radiation measurement system in the field involugkzation of a collocated transfer standard
(CTS). The CTS consists of a certified duplicatetlod on-site measurement system. It is
temporarily installed and operated side-by-sidehwilte on-site system for a time interval
commensurate with obtaining sufficient data to supp statistically valid comparison of the
data produced by the two measurement systemshisanbnitoring program, a minimum of 720
consecutive pairs of 1-minute data values (i.eglter consecutive hours of 1-minute data,
preferably including substantial periods of straumlight) will be obtained to provide a valid
accuracy audit assessment.

10.2.4.2 Frequency

Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7 (Preventive and Corrective Maintenanoephis document for further guidance on
conducting system performance tests in conjunatiim corrective maintenance on the system.

10.2.4.3 References

Refer to Section 10.1.3 above for a list of refesmn

10.2.4.4 Test Equipment

» A certified (within the previous 12 months) Epplsipdel 8-48 (“Black & White”)
pyranometer with mounting plate, 50-foot signalleab

» Standard assortment of electronics hand tools, (eegdle nose pliers, hex key set,
screwdrivers, cutting pliers, etc.).

» Laptop PC with serial data cable (used for obtgrefectronic files of the test data
during or immediately subsequent to the performaesg.

10.2.4.5 Procedure for Solar Radiation System Performance Tss
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The auditor (or site operator, as appropriate) Ehplan to install the CTS solar radiation sensor
and initialize an analog input channel in the dis¢a logger so that the comparison test data set
will include at least 12 consecutive hours of dgiyli measurements (preferably including
substantial periods of strong sunlight). This meguire setting up the CTS measurement system
one day in advance of the test. If this is the cseCTS system may be left operating overnight
so that data collection will already be in prograssunrise.

a) Install the CTS sensor on a rigid support basecadjato the site sensor
(reference Section 2.3.6 of this document for irgtons on installing the sensor).
Exercise care while installing the audit radiatemnsor to ensure that the current
orientation and condition of the on-site radiateensor is not altered. If CTS
installation activity blocks the site sensor's esp@ to sunlight, provide the
proper status information to the site digital daequisition system (DAS)
indicating that the data must temporarily be exetudrom the monitored data
base.

b) Route the stripped wire end of the CTS sensor bigaiale through an available
port located in the bottom panel of the NEMA 4X lesare that houses the data
acquisition system (DAS) on the met tower. Make tieeessary signal wiring
connections to the designated spare signal inputirtals on the Signal Line
Surge Protector (SLP) module (refer to the Climat® Corp. System
Engineering Manual to identify the correct wiringndiguration).

c) Route the remaining length of the 50’ CTS sensgmadicable to the CTS sensor
and attach the twist-lock bayonet connector taGfh& sensor.

d) Initialize an unused data logger analog input cledas the designated “CTS Sol
Rad” data channel. The initialization of this datennel will be identical to the
site-designated solar radiation data channel, éxbepscaling factors entered for
the “CTS Sol Rad” data channel will be the trandigmction determined by
Eppley from the most recent certification of theSC3ensor. Ensure that the data
logger initialization instructions for both of theolar radiation data channels
includes storage of 1-minute data values (refethto Campbell Scientific CR-
1000 data logger Engineering Manual for instructiom initialization of analog
input channels and associated data averaging tunsjti The solar radiation CTS
should now be fully operational.

e) Fill out the header information and monitoring gystcomponent identification
information called out in the designated spacesam 10-7 (note that there are
separate sections on Form 10-7 for identifying tBé&e” monitoring system
components and the “Audit” or CTS system componerf&ecord the start of test
(date, time, and initials) on Form 10-7 and in $ite logbook. Indicate whether
the test is a performance audit or unscheduledesystalibration check by
annotating the fact in the site logbook and by khgrthe appropriate space at
the top of Form 10-6. If the performance testos an audit, explain the reason
for the test in the "Comments" section at the bottd Form 10-7.
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f) Confirm that both the CTS and on-site solar radiatneasurement systems are
operating properly and collecting ambient measurgngata. Note the current
time and date displayed on the data logger andrdettus as the “Test Begin”
time in the designated space provided on Form 10-7.

g) Allow the on-site data logger to collect at lea& donsecutive hours of data
during daylight hours from both the on-site and t6&S solar radiation
measurement systems. Data collection can progresstended however, a
cursory review of the hourly data produced by ho#asurement systems during
the course of the performance test is recommeraledrifirm proper operation.

h) After the performance test period requirement i, mewnload the associated 1-
minute and hourly-averaged data from the on-sita tyger. This can be done
using a local laptop PC or via the remote dataiqplPC. Section 5.3 in this
document provides instructions for establishingalocommunications with the
data logger using a laptop PC.

i) Record the “End” time and date of the performarse data collection interval in
the designated space on Form 10-7.

10.2.4.6 System Restoration

a.) Following downloading of the performance tesitad remove the CTS
measurement system components by performing Shepigaugh d) in Section
10.2.4.5 above in reverse order.

b.) Ensure all documentation of the performanse b@s been properly recorded in
the site logbook and on Form 10-7. Verify the dsti@us switch is in the ON
position and the monitoring system is functioniregmally.

10.2.4.7 Analysis of the Solar Radiation SysteRerformance Test Data

The hourly-averaged solar radiation time-seriesa gabduced by each measurement system
during the performance test are exported to a atdnBC-based spreadsheet (e.g., Microsoft
Excel™) for analysis as follows:

a.) Paired data values (CTS system data and osy@tem data) are correlated with
respect to time and date. The date and time fdr pat of data values should be
included in the spreadsheet for reference purposes.

b.) Exclude from all subsequent analyses of ttia day data pair for which either or
both hourly-averaged value is10% of the full scale measurement range (ce.,
140W/nrf).

c.) Using the non-excluded data values, calculaemean (average) value for each
data set.
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For each remaining pair of data values (idicig the mean value for each data
set) subtract the Audit CTS value from the corresiiog Site measurement
system data value to calculate the difference.

For each remaining pair of data values (idiclg the mean value for each data
set) calculate the percent differen&84) using Equation 4:

SiteValue-CTSValu
CTSValue

e
Ac%)SoIarRad = ( J x100 D

Equation 4

Evaluate the comparability of the performanesttdata set by calculating the
standard deviation of the difference values deteechiin Step d above using
Equations 5 and 6:

1 n 2
C=+4 Figl(x ai = Xbpi ) Equation 5

Where

C = Operational Comparability factor for the @akited Transfer Standard;
X4 = the " data value produced by the site measurement system

Xpi = the " data value produced by the CTS measurement syatein;

n = the number of paired data values in the corspa.

And:

S=+ C2—d2 Equation 6
Where

s = the estimated standard deviation of the diffeesnof each data pair in the
data comparison set; and

d = the average difference between the site measuntethata and the CTS
measurement data, as determined in Step e) above.

Evaluate the standard deviation valiavith respect to the average percent
difference value obtained in Step e) aboves i significantly less than the
average percent difference value, than the perfocmaest results can be
considered representative for comparability. Ifwhwer, s is nearly the same
magnitude as the average percent difference résuit s is equal to or greater
than the average percent difference), there iorets suspect that the CTS test
data were significantly influenced by a variablading condition or factor(s)
extant during the comparison test, or that theqoerhnce of the CTS system
itself was deficient.
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If sis not significantly less than the average perckifiérence result, the CTS
test result may not be represent a valid assessaofetite site measurement
system accuracy. If this is the case, the sitimgumstances and conditions in
which the CTS test data were obtained should befuléyr reviewed for possible
biasing factors. A review of the individual, timeres data pairs and their
relative values may reveal a pattern that can pevclues to possible
contributing factors or circumstances.

If a substantial percentage of the comparisondatt values are 10% of the
full scale measurement range, relatively smalledéhces between the CTS and
site data values can translate into large percéigrehce values, and this may
unduly skew the comparison analysis results (when@ossible, comparison
tests should be conducted under predominately swamgditions that will
produce substantially upscale measurement data).

If no cause of the bias or excessive variability tie test results can be
determined from this qualitative review, confirneatiof the performance and
accuracy of the CTS itself may be indicated. Thejdet Manager should be
immediately informed of anomalous or unacceptal@gopmance test results,
and an action plan should be developed to resblgassue. The status of the
solar radiation data may be considered suspect ipgndesults of the
investigation and a definitive finding with respeotthe CTS performance and
status of the test data. A performance test ofiteemeasurement system should
be repeated as soon as practicable using eith&iteanative CTS or the original
CTS (if confidence in this standard’s performano@ accuracy is high). The
repeat performance test should be subject to darehservation and
consideration of possible factors that may intredan external variable bias
factor in the test data.

10.2.4.8 Documentation (examples of all forms aragsented at the end of Section 10)

Performance Test Data for Solar Radiation Mezrsent Systems (Form 10-7).
Meteorological Audit Standards and Equipmentrfr&0-10).
Non-Conformance/Corrective Action (NC/CA) Repddcumenting any test

results which exceeded acceptability limits (seetiBe 9.2 in this document
for instructions regarding NC/CA Reports).

10.2.5 Precipitation System Performance Tests

10.2.5.1 Purpose and Scope

The purpose of this procedure is to provide ingionc for conducting authoritative tests
designed to assess the performance and accurgbg @iecipitation monitoring system. This
procedure also provides instructions for documeraind evaluating the test results.
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Implementation of this procedure by an independeuitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit of
the precipitation measurement system. This praeeds also used for assessing the
measurement system accuracy when the operatioatdssof the precipitation sensor or

measurement system is suspect, or when failuraresgeepair or replacement of the sensor.

10.2.5.2  Frequency

Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7 (Preventive and Corrective Maintenannebhis document for further guidance on
conducting system performance tests in conjundtiitim corrective maintenance on the sensor.
10.2.5.3  References

Refer to Section 10.1.3 above for a list of refesmn

10.2.5.4  Test Equipment

* NIST-traceable digital voltmeter with 0.001 voltscdution and an accuracy of
+0.05% of input £1 digit.

* Burette with minimum 25 ml capacity, stopcock, anishimum 0.1 ml graduated
measurement markings. Burette should conform tefeé Specification No.
NNN-B-0789a (e.g., Nalgene P/N 06198-20 or equivdle

» Distilled Water.

» Carpenters’ or torpedo spirit level.

Laptop PC with serial data cable (used for obtgm@lectronic files of the test data
during or immediately subsequent to the performaesg.

10.2.5.5 Procedure for Precipitation System Performance Test

The System Performance Test will consist of intmdg a known volume of water that is
subsequently converted to an equivalent “known’tipigation value using the manufacturer’s
transfer function for the gauge. The correspon@AG precipitation measurement indication is
then compared against the known (or reference)iptaion value. The percent difference
between the DAS indication and the known valueagsgnts the total system error.

NOTE: The following steps must be performed withina single hourly block-averaging
interval as referenced to the data logger clock. Ténauditor/operator must also ensure that
during the hour in which the performance test is caducted no extraneous tips of the
precipitation gauge’s tipping buckets occur other han those prescribed by this procedure.
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a) If the monitoring system incorporates a digitaladatquisition system (DAS),
provide the proper status information indicatingatthran audit (or system
performance test, as applicable) is being perforaretithat the data must not be
entered into the monitored data base. For statisngy the Campbell Scientific
CR-1000 data logger, the appropriate action isléacepthe toggle switch in the
“OFF” position and the system is now unable toexdlrepresentative, valid data
due to the maintenance or test activity to be peréal.

b) Record the start of test (date, time, and initi@ls) Form 10-8 and in the site
logbook, for the parameter undergoing test. Indigehether the performance test
for the precipitation measurement system is a padace audit or unscheduled
system calibration check by annotating this factthe site logbook and by
checking the appropriate space at the top of Fd+8. 1If the performance test is
not an audit, explain the reason for the test m "Gomments" section at the
bottom of Form 10-8.

c) Remove the gauge’s debris screen prior to the test.

d) Fill the graduated burette to the 25.0 ml line @idReference the bottom of the
meniscus when determining the water volume in theetke) and position the
burette directly over the gauge’s opening. Sloagen the burette stopcock until
water starts slowly dripping from the burette itlte gauge (approximately 1 drop
per second). Count each tip of the tipping bucleting this process.

e) Continue to introduce water into the gauge as desgrin Step d) (refilling the
burette as necessary) until ten tips of the buc&etscounted. Close the burette
stopcockmmediatelyafter the tenth tip.

f) Record the total volume of water (to the nearesi@l) introduced into the gauge
from the burette on line A-1 in the “System Perfanoe Test” section of Form
10-7.

g) Record the total number of bucket tips on Line Brlhe “System Performance
Test” section of Form 10-6. Convert the number ip$ tto equivalent rainfall
using the gauge manufacturer's transfer functiar the Climatronics Model
100097 precipitation gauge, each tip equals 0.0Frecipitation. Assuming 10
tips were obtained in Step e) above, the equivadestipitation is equal to 0.10").
Record this value on line B-2 in the “System Perfance Test” section of Form
10-8.

h) When the hourly interval during which the perforroantest was conducted is
complete, obtain and record the DAS precipitatiodidgation for that_hourly
interval in the space provided on Line D) in theyS&m Performance Test”
section of Form 10-8.
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I) Refer to the total volume of water (in ml), whiclaswecorded on Line A-1 in the

)

“System Performance Test” section of Form 10-8.ngsthe manufacturer’s
transfer function for the precipitation gauge, cemithe total volume of water
introduced from the burette recorded in Step f)vabim equivalent rainfall. (For
the Climatronics model 100097 gauge, 8.24 ml ofewat 1 tip = 0.01”
precipitation. Therefore, to obtain the equivalesihfall value for this gauge,
divide the total volume of water introduced int@ thauge by 8.24). Record the
resulting equivalent precipitation value (to theamst hundredth of an inch) on

Line A-2 in the “System Performance Test” sectibfrarm 10-8.

Calculate the total measurement system error inepérdifference A%) using

Equation 7:
PercentDifference (A%) = D-A2, 100 Equation 7
where,
A2 = *“Known” total equivalent precipitation (introded from burette), in
inches

D = total precipitation for test hour indicated tthg DAS, in inches

Record the percent difference (error) value on LEein the “System
Performance Test” section of Form 10-8.

k) Acceptability Limit: The acceptability limit established for total ppetation

measurement system accuracy is £10% compared te. Hualuate the "As
Found" System Performance Test results obtain&ldp j) above with respect to
this criterion.

If the System Performance Test error obtained &p §} above is within the
acceptability limit (i.e< £10%) and no maintenance or adjustment was retjuire
or performed on the gauge following the completioh the "As Found"
Performance Test, then proceed to 10.2.5.6 ("SyRestoration") below.

If the System Performance Test error exceeds tloepsability criteria for

accuracy stated above, or if any maintenance wderpeed which might affect
the performance of the gauge (including replacenoérthe gauge, removal of
substantial debris from the tipping buckets, adpestt to or lubrication of the
tipping bucket pivots, or re-leveling the gaugehert repeat the System
Performance Tests described in Steps a) througibgye and record the “As
Left” test results on a separate Form 10-8.

Compare the "As Left" error with the acceptabiltityteria for accuracy above. If
the test result satisfies the acceptability ci@dor precipitation system accuracy,
thenprominently labethe associated data recorded on a separate FeB1TA9
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Left’ and proceed to Section 10.2.5.6 ("System Restorgtbelow. If the System
Performance Test error still exceeds the accejitabiiteria, investigate to find
the cause of the problem and establish a plan tadrato promptly correct the
condition. Satisfactory System Performance Tesilte must be obtained before
the problem can be considered successfully resa@wedvalid precipitation data
collection resumed.

System Restoration
a) Remove all test equipment utilized in the perforoeaaf this procedure.
b) Replace the precipitation gauge debris screen ddgem

c) Ensure all documentation is complete, the DAS medich is returned to the
“ON” position, and that all measurement system comegmts are functioning
normally.
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10.2.5.7 Documentation (examples of all forms aregsented at end of Section 10)
» Performance Test Data for Precipitation MeasurerBgatems (Form 10-8).
* Meteorological Audit Standards and Equipment (Faf+¥10).
* Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any test
results which exceeded acceptability limits (seetiBe 9.2 in this document for

instructions regarding NC/CA Reports).

10.2.6 Relative Humidity System Performance Bts

10.2.6.1 Purpose and Scope

The purpose of this procedure is to provide ingioacfor assessing the performance and
accuracy of the relative humidity monitoring systamnthe field. This procedure also provides
instructions for documenting and evaluating thé tesults.

Implementation of this procedure by an independemtitor, using equipment other than that
normally utilized for routine network operation,nstitutes an independent performance audit on
the relative humidity measurement system. This gutace is also used for assessing the
measurement system accuracy when the operatiomalssof the relative humidity sensor is

suspect, or when failure requires repair or repteasd of the sensor.

10.2.6.2 Frequency
Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7 (Preventive and Corrective MaintenancePart 3 of this document for further
guidance on conducting system performance testsnjunction with corrective maintenance on
the sensor.
10.2.6.3 References
* Refer to Section 10.1.3 in this document for adisteferences.
10.2.6.4 Test Equipment
* Casella-London Assmann Psychrometer (or equivatsni)pped with two NIST-
traceable thermometers having @1resolution and a minimum accuracy of
+0.1°C of reading over a minimum range of 0°C t6@5

* Distilled water.

* Relative humidity look-up tables.
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Laptop PC with serial data cable (used for obtgretectronic files of the test
data during or immediately subsequent to the perdoice test).

10.2.6.5 Procedure for Relative Humidity System Performancelest

a)

b)

d)

Enter start of test (date, time, and initials) anrf 10-9, and in the site logbook.
Indicate whether the performance test for the ikgdahumidity measurement

system is a performance audit or unscheduled sys$esin by checking the

appropriate space at the top of Form 10-9. Ifpgormance test is not an audit,
explain the reason for the test in the "Commengstisn at the bottom of Form

10-9.

If the relative humidity sensor is mounted on aeonstlogical monitoring tower
and the tower is folded down to gain access tos#msor, provide the proper
status information to the digital data acquisitystem (DAS) to indicate that the
data must be excluded from the ambient monitoriaitg dhase. For stations using
the Campbell Scientific CR-1000 data logger, thprapriate action is to place
the system status toggle switch in the “OFF” positindicating that the system is
not collecting representative, valid data due ® rtiaintenance or test activity to
be performed.

Use clean, distilledwater to saturate the wick covering the wet butb tbe
reference psychrometer. (Note: Avoid touchingartaminating the wick, as this
may bias the reference moisture measurement). Holgecure the reference
psychrometer adjacent to the Site relative humidiBnsor and start the
psychrometer aspirator fan. Allow 3 to 6 minutes ftbe wet and dry bulb
thermometer readings to equilibrate to ambient tmms$. Keep checking the
psychrometer reference thermometer readings td eey are stable (depending
on prevailing conditions, obtaining a stable ambiain moisture measurement
may be difficult). When the psychrometer thermometelications are stable
(don't wait so long that the wet bulb wick driegpcord the psychrometer
reference thermometer readings (to the nearesh tehta °C) in the spaces
provided in the “System Test Results” section afnfFd0-9.

NOTE: If ambient conditions are such that the atmopheric moisture
fluctuates (indicated by varying thermometer readirgs), record the |owest
readings observed simultaneously for both the wet ral dry bulb
thermometers.

Simultaneous with the reference psychrometer rgadiobtained in Step c),
obtain and record the corresponding 1-minute beakraged relative humidity
data from the DAS (in engineering units) in thecgsaprovided in the “System
Test Results” section of Form 10-9.

Use the relative humidity table to look up the refee relative humidity value,
using the reference psychrometer readings andpwieging from the look up
table as necessary. Record the reference relatirradity value (to the nearest
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tenth of a percent) in the space provided on thesttn Test Results” section of
Form 10-9.

f) Subtract the DAS-indicated relative humidity val@ie %) obtained in Step d)
above from the corresponding reference relative itiiynvalue. Record the
difference (in %) in the “Error” space provided time “System Test Results”
section of Form 10-9.

g) Repeat Steps a) through f) at a minimum of 2 aoldkti times over the course of
the audit. Calculate the arithmetic mean (average)r and record this value
where indicated in the “System Test Results” saabibForm 10-9.

h) Acceptability Limit: The data accuracy objective established for redati
humidity measurement data for this monitoring paogris £10% compared to
True. Evaluate the "As Found" averaged error obthim Step g) above with
respect to the acceptability criterion for measwgBnsystem accuracy.

i) If the System Performance Test average error etiiie acceptability criteria,
and no maintenance or adjustment was required dorpeed on the sensor
following the completion of "As Found" Performantests (other than cleaning
or replacing the sensor dust cap), then proced@.@.6.6 ("System Restoration")
below.

J) Ifthe System Performance Test average error esabedacceptability criteria for
accuracy stated above, or if any maintenance wderpesd which might affect
the performance of the sensor (including replaceéméithe sensor), then repeat
the System Performance Tests described in Stejpgsaaigh h) above and record
these "As Left" test results in the "System TessUR8" section on a separate
Form 10-9Clearly and prominently label these test data “Astl.

Evaluate all "As Left" test results by comparing thAs Left" errors with the
acceptability criteria for accuracy above. If test results satisfy the relative
humidity system accuracy acceptability criteriartiproceed to 10.2.6.6 ("System
Restoration”) below. If any of the System tesbesrexceed the acceptability
criteria, investigate to find the cause of the peoband establish a plan of action
to promptly correct the condition. Satisfactoryst@yn Test Results must be
obtained before the problem can be considered ssitdly resolved and valid
data collection resumed.

10.2.6.6 System Restoration
a) Inspect the sensor dust cap for contamination dadntness. Clean and/or
replace the protective dust cap on the sensor dessary) according to
manufacturer’s specifications. (Refer to Sectidh i this document for relative
humidity sensor maintenance procedures).

b) Remove all test equipment utilized in the perforoeaaf this procedure.
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c) If the relative humidity system was performanceddswith the tower in the
folded-down position, restore the meteorologicaldoand secure it in the upright
position by reversing the procedure described tti&e 7.1.1, Step 2.

d) Ensure all documentation is complete, the DAS stadggle switch is returned to
the “ON” position, and that all measurement systenmponents are functioning
normally.

e) Enter the time that the relative humidity systensweastored to normal operation
on Form 10-9 and in the site logbook.

10.2.6.7 Documentation (Examples of all forms arergsented at end of this section)
- Performance Test Data for Relative Humidity Measwet Systems (Form 10-9).
« Meteorological Audit Standards and Equipment (Faf¥10).

« Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any test
results which exceeded acceptability limits.

10.2.7 Barometric Pressure System Performandest

10.2.7.1 Purpose and Scope

The purpose of this procedure is to provide ingioucfor assessing the performance and
accuracy of the barometric pressure monitoringesygsh the field. This procedure also provides
instructions for documenting and evaluating thé tesults.

Implementation of this procedure by an independeitor, using equipment other than that

normally utilized for routine network operation,nstitutes an independent performance audit on
the relative humidity measurement system. This gutace is also used for assessing the
measurement system accuracy when the operati@tast sif the barometric sensor is suspect, or
when failure requires repair or replacement ofséesor.

10.2.7.2 Frequency

Performance audits should be conducted at leasasanally following station startup. System
performance tests should be performed in conjunctiith station startup and also when a
problem with the sensor which might affect datauaacy is suspected or confirmed. Refer to
Section 7 (Preventive and Corrective Maintenannebhis document for further guidance on
conducting system performance tests in conjundtiitim corrective maintenance on the sensor.
10.2.7.3 References

» Climatronics System Engineering Manual.
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10.2.7.4 Test Equipment

10.2.7.5

NIST-traceable digital barometer with a range 0d-40100 mb and an accuracy
of £0.5 mb.

Laptop PC with serial data cable (used for obtgratectronic files of the test
data during or immediately subsequent to the perdnce test).

Instructions

a)

b)

d)

9)

Enter start of test (date, time, and initials) amrx 10-10 and in the site logbook.
Indicate whether the performance test for the batampressure measurement
system is a performance audit or unscheduled systalibration check by
checking the appropriate space at the top of F@+hQl If the performance test
is not an audit, explain the reason for the tegshen"Comments" section at the
bottom of Form 10-10.

Hold or secure the reference barometer as clos@ragticable to the Site
barometric pressure sensor. Turn on the refereacenteter and allow 3 to 6
minutes for the barometer readings to equilibratarhbient conditions. When the
reference barometric pressure reading has stahilizecord the reference
barometric pressure indication in the spaces peavith the “System Test
Results” section of Form 10-10.

Simultaneous with the reference barometer readmgmed in Step b), obtain and
record the instantaneous (or, alternatively, thenidute block-averaged)
barometric pressure data value from the DAS (inrexging units) in the spaces
provided in the “System Test Results” section ainfFd0-10.

Subtract the reference barometric pressure valuemf) obtained in Step b)
above from the corresponding DAS barometric pressatue obtained in Step c)
above. Record the difference (in mb) in the “Etrepace provided in the
“System Test Results” section of Form 10-10.

Repeat Steps b) through d) at 2 additional timesr ke course of the audit.
Calculate the arithmetic mean (average) error asxbrd this value where
indicated in the “System Test Results” section afnir 10-10.

Acceptability Limit: The data accuracy objective established for bandene
pressure measurement data for this monitoring progis +3mb compared to
True. Evaluate the "as found" System Performanc Results averaged error
obtained in Step e) above as compared to this acgwriterion.

If the System Performance Test average error ggtiiie acceptability criterion
and no maintenance or adjustment was required dorpeed on the sensor
following the completion of "as found" Performang@ests, then proceed to
10.2.7.6 ("System Restoration™) below.
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h) If the System Performance Test average error escéedacceptability criterion

for accuracy stated above, or if any maintenance pexformed which might
affect the performance of the sensor (includindasgment of the sensor), then
repeat the System Performance Tests describeceps &f) through e) above and
record these "As Left" test results in the "Systésst Results" section on a
separate Form 10-10.

Evaluate all "As Left" test results by comparing thAs Left" errors with the
acceptability criteria for accuracy stated in Sédyove. If the test results satisfy
the barometric pressure system accuracy accepyatitieria, prominently label
acceptable System Test results recorded on thexddemrm 10-10 “As Left’and
proceed to 10.2.7.6 ("System Restoration™) below.

If any of the System test errors exceed the acb@ipyecriteria, investigate to find
the cause of the problem and establish a plan tadrato promptly correct the
condition. Satisfactory System Performance Tesilte must be obtained before
the problem can be considered successfully resokved valid barometric
pressure data collection resumed.

10.2.7.6  System Restoration

a.) Remove all test equipment utilized in the perforosaaf this procedure.

b.) Ensure all documentation is complete and that a#asurement system

components are functioning normally.

c.) Enter the time that the barometric pressure SysRerformance Test was

completed on Form 10-10 and in the site logbook.

10.2.7.7 Documentation (examples of all forms aregsented at end of this section)

Performance Test Data for Barometric Pressure Measent Systems (Form 10-
10).

Meteorological Audit Standards and Equipment (F@O¥L1).
Non-Conformance/Corrective Action (NC/CA) Reportcdmenting any test

results which exceeded acceptability limits. RéfeBection 9.2 in this document
for instructions regarding NC/CA reports.
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FORM 10-1: METEOROLOGICAL SYSTEMS AUDIT CHECKLIST (Page 1 of 2)
Network: Audit Date:
Site: Auditor:
GENERAL SITE CONDITIONS Yes No

Is the station interior neat and orderly?

Is the structural condition of the equipment shelter acceptable?

Is the shelter temperature regulation compatible with stable and proper
instrument operation?

Are the site grounds well maintained?

EXPOSURE OF INSTRUMENTS Yes No

Are all booms rigid, level and properly aligned?

Are wind sensors plumb, and rigidly mounted at least two tower widths away
from tower?

Is the tower in good physical condition, rigid and all tower cables secure?

Are temperature sensors housed in aspirated radiation shields?

Are humidity and/or dew point sensors housed in aspirated radiation shields?

Are radiation sensors clean, level and unobstructed from the sun all year?

Are precipitation sensors properly elevated, level, located away from any drip
lines and protected with a wind break?

OPERATIONS Yes No

Are all sensors operational?

Are all signal connections clean, protected and rust free?

Are all vanes/cups/propellers intact?

Are wind speed and wind direction bearings replaced on schedule?

Are all wind sensor heating jackets intact and operational?

Are all aspirators clean and aspirator fan(s) operational?

Is the precipitation gauge clean?

Is D.A.S. operational and indicate proper time and date?

Are routine site checks performed at weekly intervals?

Are calibration checks performed as scheduled?
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FORM 10-1: METEOROLOGICAL SYSTEMS AUDIT CHECKLIST (Page 2 of 2)
Network: Site: Audit Date:
DOCUMENTATION AND FORMS Yes No

Are QA/QC objectives and procedures documented?

Is the station logbook present?

Are the station logs up-to-date?

Are the station logs detailed and legible?

Are the system calibration forms present?

OVERALL COMMENTS Yes No

Overall, are the station and instruments well maintained?

Is the site and equipment in good working order?

Overall, is the site technician knowledgeable and following SOPs?

Overall, are monitoring activities consistent with data quality objectives?

Does system data agree with the current ambient conditions?

Does the station siting conform to applicable guidelines?

Comments:

Site Technician: Auditor:

QA Review: ENVIROPLAN CONSULTING
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FORM 10-2: PERFORMANCE TEST DATA

FOR HORIZONTAL WIND SPEED MEASUREMENT SYSTEM

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:

Sensor Level (AGL): Meters

Instrument Range: 0.0 mph to 100.0 mph

Location:

Time off line:
Time on line:

System Component

Manufacturer

Model Number

Serial Number
“As Found”

“As Left”

Sensor

Climatronics

100075

Data Acquisition System

Campbell Scientific

CR-1000

WS PERFORMANCE TEST ACCEPTABILITY LIMITS (Climatron ics F-460 Cup Anemometer)

Type of Test “As Found” “As Left”
1. Sensor Starting Torque <0.2gm-cm Same as “As Found”
2. Overall System Error < 0.6 mph (compared to True) Same as “As Found”

SYSTEM TEST RESULTS:

TARGET (mph) DAS (mph) ERROR (mph)
STATUS MOTOR RPM (A) (B) (= B-A)
0 0.3
AS 300 16.1
FOUND 600 31.8
900 47.6
0 0.3
AS 300 16.1
LEFT 600 31.8
900 47.6
“As Found” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm
Sensor bearings: Last replaced: Next due:
“As Left” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm

Comments:

Technician:

QA Review:

Auditor: (if applicable)

ENVIROPLAN CONSULTING




FORM 10-3: PERFORMANCE TEST DATA
Performance Test is a: Audit (or)

Network:

FOR VERTICAL WIND SPEED MEASUREMENT SYSTEMS
Calibration (check one; if calibration, explain reason below)

Test Date(s):

Site: Plant Met Site

Site Operator:

Sensor Level (AGL): Meters

Instrument Range: -25.0 mph to 25.0 mph

Location:

Time off line:
Time on line:

Serial Number

System Component Manufacturer Model Number “As Found” “As Left’
Sensor Climatronics 102236
Data Acquisition System Campbell Scientific CR-1000

WS PERFORMANCE TEST ACCEPTABILITY LIMITS (Climatro nics Vertical Component Anemometer)

Type of Test “As Found” “As Left”
1. Sensor Starting Torque <0.3gm-cm <0.14 gm-cm
2. Overall System Error < 0.6 mph (compared to True) Same as “As Found”
SYSTEM TEST RESULTS:
T AS FOUND AS LEFT
MOTOR
STATUS RPM (mpn) DAS (mph) |ERROR (mph)| DAs (mph) | ERROR
W ©) (= B-A) ©) e
(= C-A)
0 0.0
CLOCKWISE 300 4.2
600 8.4
900 12.6
0 0.0
COUNTER- 300 -4.2
CLOCKWISE
600 -8.4
900 -12.6
“As Found” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm
Sensor bearings:  Last replaced: Next due:
“As Left” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm

Comments:

Technician:

QA Review:

Auditor: (if applicable)

ENVIROPLAN CONSULTING




FORM 10-4: PERFORMANCE TEST DATA FOR WIND DIRECTION MEASUREMENT SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:
Sensor Level (AGL): Instrument Range: 0 to 360 Degrees
Location: Time off line:
Time on line:
Serial Number
System Component Manufacturer Model Number “As Found” “As Left”
Sensor Climatronics 100076
Data Acquisition System Campbell Scientific CR-1000
WD PERFORMANCE TEST ACCEPTABILITY LIMITS
Type of Test “As Found” “As Left”
1. Sensor Starting Torque <6 gm-cm (CW & CCW) <3 gm-cm (CW & CCW)
2. Sensor Orientation Error +<2° +<1°
3. Total System Azimuth Error +<5° + < 5° (preferably + < 3°)
SYSTEM TEST RESULTS:
AS FOUND AS LEFT
TEST POINT DAS Sensor Error Total Error (E) Sensor Error Total Error
(A) (B) (B-A)=C (= C-D) DAS (A-E)=F (= F-G)
30°
60°
90°
120°
150°
180°
210°
240°
270°
300°
330°
360°
Sensor orientation relative to true north: (D) Degrees (as found); (G) Degrees (as left)
“As found” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm
Bearings last replaced: Next Due:
“As left” bearing torque check: Clockwise gm-cm; Counter-clockwise gm-cm

Comments :

Magnetic Declination of Site =

Technician:

QA Review:

Auditor: (if applicable):

ENVIROPLAN CONSULTING




FORM 10-5: PERFORMANCE TEST DATA FOR AMBIENT TEMPERATURE MEASUREMENT SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:
Sensor Level (AGL): Meters Instrument Range: -30.0 to +50.0 °C
Location: Time off line:
Time on line:
System Component Manufacturer Model Number “As Fou%ﬁﬂ"
Sensor Climatronics 100093
Data Acquisition System Campbell Scientific CR-1000

TEMPERATURE PERFORMANCE TEST ACCEPTABILITY LIMITS

Type of Test “As Found” “As Left”
1. Total System Error (DAS Response - Error<+0.5°C Error < +0.5° C (each test point)
Reference Temp. = Error) (each test point) (Preferably: <+ 0.2° C, each test point)

SPECIAL NOTES:

Assess system accuracy at three known temperatures (immersing the probe and reference thermometer together in stable thermal masses).
Known temperatures should include an ice slurry bath, a “room temp.” bath (~ 15° ~ 27° C) and a “hot” bath (75 ~ 95% of positive portion of
measurement range).

Ensure probe radiation shield is clean, in good physical condition and has unobstructed air flow. If shield is actively aspirated, ensure blower
fan is operating properly. Note any deficiencies in “Comments” section below.

System Test Results:

“AS FOUND” “AS LEFT”
TEST POINT Reference DAS System Error | Reference DAS System Error
Temp. (°C) “C) (°C) Temp. (°C) “C) (°C)
(A) °F (=B-A) (A) °F (=B-A)
RO e
Ice Bath
(0.1 -0.2°C)
“Ambient”
(15 - 25°C)
Hot Bath
(35— 48°C)
Comments:
Technician: Auditor: (if applicable):

QA Review: ENVIROPLAN CONSULTING




FORM 10-6: PERFORMANCE TEST DATA FOR DELTA TEMPERATURE MEASUREMENT SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:
Sensor Level (AGL): Meters Instrument Range: -5.0 to +10.0 °C
Location: Time off line:
Time on line:
Serial Number
System Component Manufacturer Model Number | As Found”  “As Left”
Sensor Climatronics 100093
Data Acquisition System Campbell Scientific CR-1000
DELTA-TEMPERATURE PERFORMANCE TEST ACCEPTABILITY LI MITS
Type of Test “As Found” “As Left”
1. Total System Error (DAS Response - Designated Response Temp. = Error) Error<£0.1°C Error < £0.1°C

SPECIAL NOTES: Assess system accuracy at five known temperatures as follows:

1. Immerse ambient and delta-temp probes together in three different stable thermal baths consisting of: an ice slurry bath, an
“Ambient” bath (~15°-25°C) and a “hot” bath (35 — 48°C).

2. Immerse ambient and delta-temp probes separately in 2 stable thermal baths to generate known delta temps in the following
ranges: -4.9 to -3°C and +7.5 to 9.9°C.

SYSTEM PERFORMANCE TEST RESULTS

“AS FOUND” (All Values in °C) “AS LEFT” (All Values in °C)
Ambient A-T Target A-T| DAS A-T Ambient A-T Target A-T | DAS A-T
Reference | Reference | Response A-T Error |Reference | Reference | Response | A-T Error
Temp. Temp. Temp. Temp.
(A) (B) B-A=C| (O |ED-O| ©K) (B) B-A=C| (D) |(=D-C)
Comments:
Technician: Auditor: (if applicable):

QA Review: ENVIROPLAN CONSULTING




FORM 10-7: PERFORMANCE TEST DATA FOR TIPPING BUCKET-TYPE PRECIPITATION SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:

Sensor Transfer Function: 8.24ml = 1 tip = 0.01”
of precipitation (for 8-inch diameter bucket)

Sensor Level (AGL): Meters

Location: Time off line:
Time on line:
System Component Manufacturer Model Number e
Sensor Climatronics 100097
Data Acquisition System Campbell Scientific CR-1000

PRECIPITATION PERFORMANCE TEST ACCEPTABILITY LIMITS

Type of Test “As Found” “As Left”

1. Total System Error (the percent difference of

the DAS-indicated and the actual equivalent). Error < £ 10% Error < £10%
SYSTEM PERFORMANCE TEST:
A) 1.) Total volume of water introduced (from burette) mi
2.) Rainfall equivalent of (A-1) (use mfg’s. transfer function for sensor)
B) 1.) Total number of bucket tips during test
2.) Rainfall equivalent of (B-1) (use mfg’s. transfer function for sensor)
C) DAS rainfall indication before test (eng. units); after test (eng. units)
D) Total rainfall indicated by DAS (Hourly data value, eng units)
D-A2
E) Percent difference;: ——— x100= %
A2
Comments:
Technician: Auditor: (if applicable):

QA Review: ENVIROPLAN CONSULTING




FORM 10-8: PERFORMANCE DATA FORM FOR SOLAR RADIATIO N MEASUREMENT SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:
Sensor Level (AGL): Meters Instrument Range: 0.0 to 1,395 W/m?
Location: Time off line:
Time on line:
Site System Component Manufacturer Model Number “As F—iﬁ:;', Nu“rzts)el_reft"
Sensor Eppley 8-48
Data Acquisition System Campbell Scientific CR-1000

Audit/CTS Equipment:

Component Manufacturer Model Number Serial Number
Sensor Eppley 8-48
Data Acquisition System Campbell Scientific CR-1000

SOLAR RADIATION PERFORMANCE TEST ACCEPTABILITY LIMI TS

Type of Test “As Found” “As Left”

1. Total System (Averaged) Error (the arithmetic averaged error
obtained from a full diurnal cycle (preferred) or several hours Average Error < +5% Average Error < 5%
prior to and after peak solar radiation).

Summarized System Performance Test Results:

Audit CTS Site System .
START END 2 2 | Discrepancy
Date & Time Date & Time A"emz%‘; L A"e”’ng‘; Wim =1 Ay A* 100

%

* NOTE: Hours during which either measurement system reports values that are <5% of full scale range (i.e., <70W/m?) are
excluded from the total average)

Comments:

Technician: Auditor: (if applicable):

QA Review: ENVIROPLAN CONSULTING




FORM 10-9: PERFORMANCE TEST DATA FOR RELATIVE HUMIDITY (RH) MEASUREMENT SYSTEMS

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:

Sensor Level (AGL): Meters

Instrument Range: 0 to 100%

Location: Time off line:
Time on line:
. Serial Number
Site System Component Manufacturer Model Number “As Found”  “As Left”
Sensor Climatronics 102273
Data Acquisition System Campbell Scientific CR-1000
RELATIVE HUMIDITY PERFORMANCE TEST ACCEPTABILITY LI MITS
Type of Test “As Found” “As Left”
1. Total System (Averaged) Error (the arithmetic averaged error
obtained from three or more discrete comparison checks). Average Error < 7% Average Error < £ 7%
SYSTEM PERFORMANCE TEST RESULTS
Test REFERENCE PSYCHROMETER SYSTEM READING ERROR
: (%)
(LT 'Q?) Dry Bulb Wet Bulb | Reference RH (%) DAS RH (%)
D (°C) (°C) (A) (B) =B-A

Average System Error =

%

Comments:

Technician:

QA Review:

Auditor: (if applicable):

ENVIROPLAN CONSULTING




FORM 10-10: PERFORMANCE TEST DATA FOR BAROMETRIC PRESSURE MEASUREMENT SYSTEM

Performance Test is a: Audit (or) Calibration (check one; if calibration, explain reason below)
Network: Test Date(s):
Site: Site Operator:

Sensor Level (AGL): Meters

Instrument Range: 800 — 1100 mb

Location: Time off line:
Time on line:
Site System Component Manufacturer Model Number Serial Number
Sensor Climatronics 102663
Data Acquisition System Campbell Scientific CR-1000
Audit/CTS Equipment:
Component Manufacturer Model Number Serial Number
Sensor

BAROMETRIC PRESSURE PERFORMANCE TEST ACCEPTABILITY LIMITS

Type of Test “As Found” “As Left”
1. Total System (Averaged) Error (the arithmetic averaged error <
obtained from three or more discrete comparison checks). Average Error < & 3mb Average Error < * 3mb

SYSTEM PERFORMANCE TEST RESULTS

Test REFERENCE BAROMETER SYSTEM READINGS
Time Ref B tri EI?RSR
eference Barometric m
(L.S.T) Pressure (mb) DAS (mb)
Average System Response Error = mb
Comments:
Technician: Auditor: (if applicable):

QA Review:

ENVIROPLAN CONSULTING




FORM 10-11: AUDIT EQUIPMENT SUMMARY SHEET

Network: Audit Date:
Site: Auditor:
Audit Equipment Manufacturer Model Serial Cal. Date Due Date
Number '

Digital Multimeter

Wind Speed Motor

Wind Direction
Azimuth Test Fixture

Crossarm Alignment
Check Instrument(s)

Torque Watch

Psychrometer

Air Thermometers

Immersion Thermometer

Immersion Thermometer

Immersion Thermometer

Burette

Pressure Standard

Radiation Standard




